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Executive  Summary 


A  three-phase  program  was  undertaken  to  evaluate  paint  removal  techniques  and 
protective  coatings  for  Air  Force  aircraft,  with  a  focus  on  graphite-epoxy  composite 
substrates.  The  first  phase  was  the  identification  and  evaluation  of  paint  removal 
techniques  as  potential  alternatives  to  chemical  stripping  and  plastic  media  blasting. 
The  second  phase  involved  the  identification  and  evaluation  of  potential  coating 
systems  for  protecting  aircraft  from  the  various  removal  techniques.  In  the  final 
phase,  the  performance  of  selected  protective  coating  systems  was  evaluated  in  a 
four-cycle  paint/depaint  program  utilizing  selected  removal  methods. 


The  focus  of  the  Phase  I  pr  ogram  was  to  identify  methods  which  could  effectively 
remove  the  aliphatic  polyurethane  topcoat  (MIL-L-83286)  from  graphite-epoxy 
composites.  It  was  desirable  to  terminate  stripping  within  the  epoxy-polyamide 
primer  (MIL-P-23377)  layer,  thus  using  the  primer  as  a  flag. 


After  a  thorough  investigation  and  screening  process  for  potential  paint  removal 
methods,  nine  methods  were  initially  identified  as  the  most  promising.  An  in-depth 
industry  and  field/laboratory  study  was  undertaken  for  each  of  these.  Recently,  two 
additional  methods  have  been  developed,  and  evaluations  on  these  processes  were 
initiated.  Each  removal  technique  was  carefully  screened  for  its  ability  to  remove 
topcoat  selectively  without  incurring  damage  to  the  composite,  and  to  perform  such 
removal  at  potentially  reasonable  rates.  Techniques  with  satisfactory  performance 
were  subsequently  evaluated  using  optical  and  scanning  electron  microscopy,  and 
mechanical  property  testing  such  as  four-point  flexure  and  short  beam  shear. 
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The  following  is  a  summary  of  the  12  most  promising  paint  removal  methods: 

1.  Waterjet  Blasting  is  the  use  of  high-pressure  water  to  erosively  transform 
materials  and  surfaces.  Advantages  of  wateijet  systems  are  that  no  organic 
solvents  are  used,  water  can  be  recycled,  it  is  inexpensive,  and  it  is  relatively  safe 
to  operate.  Successful  removal  of  coatings  from  metals  was  reported,  while 
removal  from  composites  was  more  difficult  to  accomplish.  Wateijet  systems 
also  created  the  potential  for  corrosion,  and  water  intrusion  of  peripheral 
components  such  as  electronics.  As  a  result  of  these  negative  factors,  the  process 
was  determined  to  be  unsuitable  for  Air  Force  aircraft. 

2.  Thermal  Stripping  is  the  use  of  heat  to  soften  the  topcoat  in  order  to  facilitate 
removal.  Laboratory  testing  indicated  that  desirable  softening  of  the  topcoat 
occurred  at  a  minimum  temperature  of  1 10®C  (230*F).  Because  the  advantage 
gained  by  such  heating  was  minimal  and  the  potential  for  damage  to  aircraft 
components  (e.g.,  composite  materials,  plastics,  fuels,  etc.)  that  is  due  to  localized 
heating,  the  process  was  determined  to  be  unsuitable  for  Air  Force  aircraft. 

3.  Alternative  Solvents  to  methylene  chloride  were  investigated  to  identify 
materials  which  were  safe  and  effective  for  removal  of  paint.  Materials  such  as 
n-methyl  pyrrolidine,  ethyl  3-ethoxypropionate,  ethylene  carbonate,  and  several 
commercial  "formulations"  were  evaluated.  No  material  was  identified  that  was  a 
"safe"  and  effective  paint  stripper. 

4.  Ultrasonic  Paint  Stripping  is  the  impartment  of  high-frequency  sound  energy, 
using  a  chisel-like  tool,  into  the  topcoat  in  an  effon  to  facilitate  removal.  Testing 
indicated  that  in  order  to  achieve  acceptable  removal  rates,  solvent  pre-softening 
of  the  topcoat  was  required,  which  made  the  process  undesirable. 
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5.  Cryogenic  Paint  Stripping  involves  the  application  of  liquid  nitrogen  (-320**?) 
onto  a  coated  substrate  in  order  to  embrittle  the  coating  (the  polyurethane  topcoat 
was  found  to  embrittle  at  -S^C)  and  assist  in  its  removal.  One  key  advantage  of 
such  a  process  is  the  minimization  of  hazardous  waste,  as  the  cryogenic  liquid 
quickly  evaporates.  Without  significant  differences  in  thermal  expansion  between 
the  coating  and  the  substrate,  a  complimentary  removal  technique  is  required.  In 
our  investigation,  liquid  nitrogen  was  fed  onto  the  coated  surface  from  the 
outside  edge  of  a  rotary  sander  •  cryogenic/abrasive  paint  stripping.  Overall, 
the  cryogenic/abrasive  system  did  not  demonstrate  a  significant  advantage  over 
the  non-cryogenic  wet  abrasive  system  to  justify  the  added  complexity  and 
temperature  extremes. 

6.  Abrasive  Paint  Removal  is  the  use  of  abrasive-containing  discs  or  pads  in 
conjunction  with  a  high-speed  rotary  sander.  After  extensive  system  evaluations, 
the  optimized  system  was  determined  to  contain  the  following  components  and 
operating  parameters; 

•  3M  120  Grade  Multicut  disc 

•  Dynabrade  800  rpm,  wet/dry,  pneumatic  sander 

•  3M  #57  Back-up  pad 

•  Water  flow  rate  =  0.15  gallons/minute 

•  Operating  pressure  =  90  psig 

The  use  of  water  allows  for  improved  control  over  the  level  of  stripping  since  the 
primer  is  used  as  a  "flag"  for  the  teimination  of  stripping.  Increased  life  of  the 
sanding  disc  is  also  obtained.  Using  the  above  system,  stripping  rates  of  1.0 
ft^/minute  have  been  achieved  using  a  5"  sanding  disc.  In  evaluations  on 
graphite-epoxy  composite  panels,  the  overall  control  of  the  system  is  very  good, 
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and  no  loss  in  mechanical  properties  was  observed.  This  system  shows  strong 
capabilities  for  paint  removal  on  smaller  areas  and  for  repair  applications. 

7.  Carbon  Dioxide  Pellet  Blasting  is  a  blasting  operation  which  uses  a  combination 
of  thermal  and  kinetic  effects  to  remove  coatings.  Waste  production  is  minimal 
as  the  blasting  media  evaporates  upon  impinging  the  substrate.  The  most 
effective  system  identified  for  this  application  has  been  developed  by  Cold  Jet, 
Inc.  (Qncinnati,  Ohio).  The  CO2  pellets  are  1.5  mm  in  diameter  by  3  mm  long, 
have  a  density  of  75-97  Ib/ft^,  and  can  be  supercooled  down  to  -110"F.  Typical 
operating  parameters  are  225-275  psi,  2-  to  6-inch  standoff  distance,  a  blasdng 
angle  of  60-80  degrees,  and  a  maximum  media  flow  rate  of  700  Ib/hr.  The 
system  has  demonstrated  very  good  results  in  removing  paint  from  aluminum 
substrates,  but  has  shown  ineffective  stripping  control  and  rates  on  graphite- 
epoxy  composites.  This  system  is  currently  being  carefully  evaluated  for  large- 
scale  use  on  aircraft 

8.  Sodium  Bicarbonate  Blasting  is  a  process  being  developed  by  Church  and 
Dwight  Co.,  Inc.  and  Schmidt  Manufacturing,  Inc.  The  Armex/Accustrip  system 
uses  the  impingement  of  sodium  bicarbonate  to  remove  coatings.  Optinuzed 
parameters  for  stripping  topcoat  from  epoxy-graphite  composites  are: 

•  Armex  MPG  (coarse)  grade  media 

•  Blasdng  pressure  =  60  psig 

•  Flow  rate  =  2,5  -  3.0  Ib/minute  (dry  -  no  water) 

•  Blasdng  angle  »  60  -  70  degrees 

•  Stand-off  distance  «  1 8  inches 

Using  these  parameters,  stripping  rates  of  0.75  ft^/min  were  achieved  on  2-foot 
by  3-foot  graphite-epoxy  composite  panels.  The  ability  of  the  system  to  stop  in 
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the  primer  layer  was  good,  and  no  loss  in  mechanical  properties  was  observed. 
The  Armex/Accustrip  system  is  currently  being  carefully  evaluated  for  large-scale 
use  on  aircraft. 

9.  Excimer  Laser  Paint  Stripping  utilizes  pulsed  lasers  which  operate  in  the 
ultraviolet  spectrum.  Excimer  lasers  are  a  new  and  rapidly  developing 
technology  which  remove  material  by  a  process  called  ablation  which  minimizes 
heating.  In  a  program  performed  in  conjunction  with  Resonedcs,  the  following 
operating  parameters  were  found  to  be  optimum  using  a  40-watt  laser: 

•  Wavelength  =  248  nm  (Krypton  Fluoride) 

•  Fluence  level  «  1.5  J/cm^ 

•  Pulse  rate  =  150  Hz 

•  Scan  rate  »  4.5  cm/second 

Results  on  graphite-epoxy  composite  panels  indicated  that  the  ability  of  the 
system  to  terminate  stripping  in  the  primer  layer  is  outstanding,  and  no  loss  in 
mechanical  properties  was  observed.  With  scale-up  to  a  250-watt  laser  Oargest 
commercially  available)  operating  at  300  Hz,  stripping  rates  of  about  0.1  ft^/min 
could  be  achieved,  a  rate  which  is  unacceptable.  It  is  estimated  that  the 
technology  to  produce  excimer  lasers  powerful  enough  to  achieve  desired 
stripping  rates  is  about  10  years  away. 

10.  Envirostrip  is  a  new  process  being  developed  by  Ogilvie  Mills,  Ltd.  (Montreal, 
Quebec).  The  process  uses  modified  wheat  starch,  which  is  biodegradable  and 
non-toxic,  in  a  blasting  operation  to  remove  coatings.  Initial  testing  on  graphite- 
epoxy  composites  indicates  that  appropriate  blasting  parameters  are: 
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•  Flow  rate  =  300  Ib/hr 

•  Blasting  pressure  »  30  psig 

•  Blasting  angle  =  20  -  30  degrees 

•  Stand-off  distance  =  6-10  inches 

•  Nozzle  size  =  1/4-inch  diameter 

Using  these  condidons,  the  ability  of  the  process  to  terminate  stripping  in  the 
primer  layer  was  veiy  good,  and  stripping  rates  of  O.S  ft^/min  were  achieved. 
Although  mechanical  property  testing  has  not  been  performed  at  this  time,  initial 
results  are  very  encouraging. 

11.  Ice  Blasting  utilizes  1-  to  3-mm  diameter  "spheres"  of  ice  which  are  projected 
onto  the  coated  surface,  melt  on  impact,  and  assist  in  washing  the  paint  particles 
from  the  substrate.  The  process  is  being  developed  by  Ixtal  Blast  Technology 
Corporation  (Victoria,  British  Columbia).  Typical  blasting  parameters  are: 

•  Flow  rate  =  400  Ib/hr 

•  Blasting  pressure  =  80  psig 

•  Stand-off  distance  =  6-18  inches 

Ixtal  asserts  that  optimum  system  performance  occurs  when  the  ice  is 
supercooled  to  that  temperature  which  allows  it  to  be  delivered  to  the  painted 
surface  at  32‘’F.  Because  of  the  newness  of  the  process,  no  testing  has  been 
performed  on  the  Ixtal  ice  blasting  system. 

Our  conclusions  from  Phase  I  are  that  a  number  of  paint  removal  methods  exist 
which  have  demonstrated  very  promising  results  and  should  be  evaluated  in  large- 
scale  paint  removal  operations  and  in  conjunction  with  the  more  elective  protective 
coatings  identified  in  Phase  II  of  this  project. 
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The  objective  of  Phase  D  of  this  program  was  to  identify  and  evaluate  existing 
coatings  systems  for  composite  materials  that  would  provide  protection  from 
potentially  damaging  paint  removal  OMthods.  The  fust  task  was  the  identification 
and  screening  of  protective  coating  candidates. 

Inidally,  performance  criteria  were  developed  by  which  the  candidate  coatings  would 
be  judged.  These  included:  the  chemistry  of  each  system,  expected  adhesion  to 
plastics  or  composites,  resistance  to  impact  and  solvents,  potential  resistance  to  paint 
removal  procedures,  and  compatibility  with  procedures  encountered  at  the  air  base. 

In  addition,  we  examined  other  important  variables  such  as:  processing  and 
application  equipment  requirements,  level  of  skill  required  for  application,  application 
rates,  applicability  to  large  structures,  cost,  and  toxicity. 

The  next  step  was  to  conduct  an  extensive  literature  survey  of  coating  technologies 
that  might  satisfy  the  requirements.  Ibis  included  a  review  of  general  information  on 
the  environmental  resistance  properties  of  protective  coatings  with  a  focus  on  resin 
types  likely  to  meet  the  requirements  such  as  polyurethanes,  epoxies,  etc.  We  also 
reviewed  patents  and  literature  sources  from  industries  with  relevant  technologies 
such  as  aviation  and  automotive.  Finally,  we  reviewed  military  literatures  through 
DTIC  database  and  military  combats.  The  most  valuable  result  of  this  search  was 
that  it  helped  to  identify  the  commercial  sources  of  candidate  coatings. 

Following  this  effort,  we  conducted  a  company  survey  to  identify  promising 
commercially  available  coating  systems  and  solicited  both  information  and  samples  of 
coatings.  A  total  of  24  companies  were  contacted,  12  of  which  provided  one  or  more 
candidates.  The  companies  contacted  included  large  coating  manufacturers  such  as 
Lord,  DeSoto,  Sherwin-Williams,  and  PPG,  as  well  as  raw  material  supplies  such  as 
Mobay  and  Freeman  Chemical.  Also  included  were  companies  with  applicable  in- 
house  technologies  such  as  Hughes  Aircraft  Co.  and  Hysol  Aerospace  Products. 
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From  this  survey,  20  promising  coating  and  film  laminate  systems  were  identified  for 
OUT  screening  program. 

Initially,  the  twenty  coatings  were  screened  for  basic  coating  performance  on 
4"  X  12",  12'ply,  graphite-epoxy  composites.  Fifteen  of  the  coatings  were  applied 
according  to  manufacturers’  specifications  at  2-  to  S-mil  dry  film  thickness,  and  five 
of  the  systems  were  applied  by  the  manufacturers  cn  panels  that  were  provided  to 
them.  These  systems  were  evaluated  for  the  following: 

•  Compatibility  -  (wetting,  flow,  etc.) 

•  Adhesion  -  ASTM  0335987  Tape  Test  Method 

•  Impact  resistance  *  Gardner  Light  Duty  Impact  Tester 

•  Solvent/Chemical  Resistance  *  Hydrocarbon  Resistance  Test,  Mil-C-462686  (ME) 
Sec  3.6.9  and  4.3.2 

At  the  conclusion  of  this  screening,  all  of  the  systems  except  one  performed  well  on 
these  tests. 

The  next  level  of  evaluations  involved  painting  the  coated  composite  substrates  with 
a  standard  military  topcoat  and  primer.  Specifically  the  primer  was  MIL-P-23377,  a 
yellow,  two-component  epoxy  applied  at  0.8-mil  diy  film  thickness.  The  topcoat  was 
MIL-C-83286,  a  green,  two-component,  polyurethane  applied  at  2.0  mil  by  film 
thickness.  These  test  specimens  were  evaluated  for  the  following: 

•  Compatibility  of  the  paint  systems  to  the  coating 

•  Adhesion  of  the  paint  system  to  the  coating 

•  Water  resistance  -  Condensation  Test  ASTM-4585-87 

•  Adhesion  after  exposing  to  condensation 
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The  results  of  this  testing  determined  that  there  was  excellent  compatibility  and 
adhesion  at  the  coating/paint  system  interface  in  all  but  one  coating.  Water-resistance 
testing  was  found  to  be  very  useful  in  distinguishing  the  relative  performance  of  the 
remaining  coatings. 

All  of  the  results  to  date  were  analyzed  and  ranked  according  to  performance,  ease- 
of-use,  availability  (experimental  vs.  commercial)  and  chemical  makeup.  Based  on 
this  analysis,  eight  candidate  systems  were  selected  to  proceed  to  the  paint  removal 
testing.  The  results  of  water-resistance  testing  was  critical  in  this  selection. 

The  second  task  was  the  evaluation  of  selected  coatings  in  paint  removal  methods. 

In  this  phase  of  the  evaluation,  the  objective  was  to  evaluate  the  eight  coatings  in  two 
paint  removal  processes,  PMB  and  Wet  Abrasive.  This  work  was  carried  out  in  a 
series  of  four  depaint/repaint  cycles  over  a  period  of  2  months.  In  these  removal 
trials,  the  yellow  primer  was  used  as  a  "flag."  Eietailed  eval’  ation  of  the  test 
specimens,  which  consisted  of  composite/protective  coating/paint  system,  occurred 
after  the  Hrst  and  four  cycles.  Specifically  the  evaluation  included: 

•  Protective  Coating 

-  Visual  Observation 

-  Adhesion  to  Substrate  (composite) 

-  Surface  Roughness 

-  Recoatability  of  Paint  System 

•  Composite 

-  Visual  Observation 

-  Mechanical  Properties 

-  Microscopy 
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Those  coatings  that  peifonned  well  on  adhesion,  recoatability,  and  visual  appearance 
were  considered  to  pass  this  evaluation.  Coatings  which  failed  exhibited  significant 
(>  30%  surface  area)  loss  of  adhesion  or  delamination  of  the  coating  to  the 
composite.  During  this  testing,  wide  variations  in  the  surface  roughness  of  the  panels 
were  noted.  Surface  roughness  measurements  were  taken  on  the  panels  after  they 
were  stripped,  as  well  as  after  repainting.  After  the  panels  were  exposed  to  four 
paint^aint  removal  cycles,  they  were  repainted  and  tested  for  mechanical  properties. 
In  general,  the  wet  abrasive  method  produced  a  smoother  surface  than  the  PMB 
methods.  Also,  the  individual  coating  type  did  not  significantly  e^ect  surface 
roughness  compared  to  the  removal  technique  used. 

Finally,  repainted  samples  of  each  specimen  were  tested  for  mechanical  properties 
after  the  first  and  fourth  removal  cycles.  The  test  measured  flexural  strength  by 
ASTM  D<790  with  a  4«point  bend,  and  the  painted  side  in  compression.  Generally, 
the  results  showed  that  the  paint  removal  process  had  no  statistically  significant  effect 
on  the  flexural  strength  of  the  panels  after  four  depaint/repaint  cycles.  However,  by 
observing  the  failure  mode,  we  noticed  that  the  presence  of  the  coating  did  have  an 
effect  in  some  cases  on  the  strength  of  the  composites  after  four  removal  cycles.  The 
changes  in  flexural  strength  resulted  from  damage  to  the  composite  surface,  the 
degree  of  surface  roughness,  and  the  ability  of  the  protective  coating  to  distribute 
stress  concentrations  when  the  surface  of  the  panel  is  in  compression.  The  changes 
in  failure  mode  show  a  reduction  in  stress  concentration  at  the  side  in  compression. 

Based  on  the  results  of  this  program,  we  believe  that  the  presence  of  an  intermediate 
layer  between  the  composite  and  paint  system  can  provide  protection  to  the 
composite  from  multiple  paint  removal  cycles  when  the  paint  removal  process  is 
plastic  media  blasting  and  wet  abrasive  paint  removal.  The  coatings  should  be 
investigated  further  for  their  ability  to  provide  protection  against  catastrophic 
siniations,  such  as  extended  dwell  times,  contaminated  media,  and  operator  error. 
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Specifically,  we  found  that  the  following  coatings  are  effective  for  wet  abrasive  paint 
removal: 

•  Lord  Chemglaze  M1433  urethane 

•  DeSoto  Koroflex  4086-176  urethane 

•  Hughes  Aircraft  HRG  3/A3 

•  3M  AF-32  Adhesive  Film 

The  following  coating  was  effective  for  PMB  paint  removal: 

•  Pratt  &  Lambert  482-300/120-900  epoxy 

The  following  coatings  were  effective  in  both  wet  abrasive  and  PMB  paint  removal: 

•  Dexter  Hysol  SynSkin  XHC9837  epoxy  surfacing  film 

•  Dexter  Hysol  Low  Modulus  Adhesive  Film 
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1.0  Introduction 


The  normal  life  cycle  of  U.S.  Air  Force  aircraft  includes  visits  to  Logistics  Centers 
for  maintenance,  repair,  and  refuibishment  A  standard  component  of  such  visits  is 
the  removal  of  the  primer  and  topcoat  paints  and  subsequent  repainting  with  fresh 
coatings.  A  number  of  technologies  exist  for  the  paint  removal  pan  of  this  process, 
and  their  relative  benefits  are  fairly  well  understood  for  standard  metal  aircraft 
surfaces.  However,  in  recent  years  there  has  been  an  increasing  trend  towards 
utilization  of  advanced  composites  in  aircraft  This  trend  is  expected  to  continue  to 
grow,  and  the  carbon,  aramid,  and  boron  fiber*reinforced  organic  matrix  composites 
currently  being  used  will  undoubtedly  be  joined  by  other  composite  systems  as 
important  aircraft  components  in  the  near  future.  Unlike  metals,  the  effect  of  paint 
removal  on  composite  surfaces  has  not  been  extensively  characterized  except  that  it  is 
known  that  composites  are  susceptible  to  possible  damage  by  both  chemical  and 
mechanical  techniques. 

The  current  utilization  of  composites  in  aircraft  includes  critical  items  where  loss  of 
performance  characteristics  as  a  result  of  paint  removal  cannot  be  accepted.  This 
small  group  of  critical  pans  will  soon  be  expanded  to  include  a  larger  percentage  of 
the  total  aircraft  structure.  As  this  occurs,  and  as  aircraft  containing  these  composite 
components  reach  the  point  where  they  are  scheduled  for  maintenance,  the  Air  Force 
must  be  able  to  ensure  that  paint  removal  can  be  carried  out  at  the  air  base  level 
without  danger  of  introducing  structural  danuige  and  in  a  manner  that  is  clearly 
economical,  efficient,  and  environmentally  acceptable.  The  overall  goal  of  the 
current  program  is  to  assist  the  Air  Force  in  understanding  the  complex  issues 
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sunx)unding  paint  removal  and  repainting  of  composites  on  aircraft  and  identify 
effective  systems  and  characterize  their  performance. 

A  major  source  of  complexity  in  dealing  with  this  issue  arises  from  the  fact  that 
composites  intended  for  different  functions  in  the  aircraft  may  have  quite  different 
physical  and  mechanical  properties.  As  a  result,  a  paint  removal  process  that  is  non¬ 
damaging  to  one  class  of  composites  may  have  a  detrimental  effect  on  another  class. 
This  situation  leads  to  the  establishment  of  two  major  objectives  for  the  program. 

The  first  objective  is  to  develop  a  thorough  understanding  of  existing  and  new  paint 
removal  technologies  that  might  have  potential  for  depainting  composite  surfaces,  as 
weU  as  aluminum  and  other  metal  parts  of  the  aircraft  This  understanding  must 
include  determining  the  effect  of  each  depainting  method  on  a  variety  of  composites, 
as  well  as  defining  the  basic  mechanism  by  which  each  method  operates.  For 
example,  paint  removal  methods  can  be  viewed  broadly  as  being  based  on  one  or 
more  of  the  following  phenomena:  mechanical  abrasion,  chemical  dissolution, 
chemical  decomposition,  coating  embrittlement  or  reversal  of  adhesion. 

The  second  objective  arises  from  the  fact  that  the  preferred  paint  removal  technology 
cannot  be  selected  solely  on  the  basis  of  its  effect  on  composites.  The  realities  of 
paint  removal  in  the  air  base  environment  require  that  factors  of  cost  environmental 
effect  ease  of  use,  reproducibility,  and  other  considerations  also  be  taken  into 
account.  Recognizing  that  these  factors  may  require  specification  of  a  paint  removal 
methodology  that  is  not  totally  non-damaging  to  all  types  of  composites,  there  is  a 
need  to  carefully  evaluate  technology  that  could  be  used  to  produce  composite 
surfaces  free  from  the  effects  of  paint  removal.  Thus,  the  second  objective  involves 
identification  and  evaluation  of  a  variety  of  protective  coatings  systems  that  could 
serve  this  purpose  by  providing  high  durability  and  the  ability  to  resist  a  number  of 
paint  removal  and  repainting  cycles  on  a  variety  of  composite  surfaces.  Coatings 


may  also  be  required  to  protect  against  accidental  mechanical  damage  and  contact 
with  chemicals. 

While  it  is  possible  that  a  paint  removal  technology  will  be  developed  in  this 
program  that  is  broadly  applicable  to  a  variety  of  composites  and  has  the  other 
attributes  necessary  for  implementation  in  the  Air  Force  Logistics  Centers,  it  is  more 
likely  that  a  combination  of  paint  removal  technology  and  protective  coating 
technology  will  best  serve  the  Air  Force  across  the  wide  range  of  removal/repaint 
situations  that  must  be  addressed  as  aircraft  of  different  types  are  retiuned  for 
servicing  and  maintenance. 
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2.0  Approach  to  Paint  Removal  Techniques 


Our  investigation  of  potential  paint  renx>val  techniques  was  focused  on  the  removal 
of  aliphatic  polyurethane  topcoat  (MIL-C-83286)  from  graphite-epoxy  composite 
panels  (AS4/3501-6),  with  the  termination  of  stripping  in  the  epoxy-polyamide  primer 
(MIL-P-23377)  layer.  The  exact  specification  of  this  system  is  as  follows: 

•  Topcoat  -  Aliphatic  polyurethane  (MIL-C-83286)  applied  by  conventional 
spraying  in  two  coats  to  a  final  dry  film  thickness  of  2.0  ±  0.3  mils, 

•  Primer  -  Epoxy-polyamide  primer  (MIL-P-23377)  applied  by  conventional 
spraying  in  one  coat  to  a  final  dry  film  thickness  of  0.6  to  0.9  mils, 

•  Composite  -  16-ply,  quasi-isotropic  graphite-epoxy  (AS4/3501-6)  using  a  [0®2. 
90®,  ±45®,  90®,  ±45®],. 

Some  evaluations  were  also  performed  on  aluminum  (7075-T6.  anodized  clear) 
without  the  concern  for  the  termination  of  stripping  in  the  epoxy  primer  layer. 

The  identification  of  potential  paint  removal  techniques  was  performed  primarily 
using  three  methods  -  an  in-depth  literature  search  and  review,  discussions  with 
industry  participants,  and  internal  idea/concept  generation  meetingi.  Key 
requirements  for  potential  paint  removal  methods  were: 

•  Ability  to  remove  topcoat  at  desired  rate  and  level  of  control 
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•  Appropriateness  for  use  in  large-scale  aircraft  paint  removal  operations 

•  Technology  base 

•  Acceptability  from  environmental,  health,  and  safety  standpoints 

•  Years  to  commercialization. 

Identified  techniques  were  then  subjected  to  a  series  of  screening  tests,  as  follows: 

1)  Industry  review  -  Appropriate  industry  personnel  were  contacted  and  the 
processes  were  carefully  examined  for  their  appropriateness  for  this  application. 

2)  Preliminary  laboratory  evaluation  -  Processes  were  screened  for  their  ability  to 
remove  the  topcoat  from  graphite-epoxy  and  aluminum  test  panels. 

3)  bi'depth  laboratory/fleld  evaluation  •  Promising  removal  technologies  were 
screened  on  large  (1-foot  by  3-foot)  graphite  epoxy  test  panels.  Panels  demonstrating 
desirable  results  were  subsequently  evaluated  using  mechanical  property  testing  (4- 
point  flexure  and  shon  beam  shear),  optical  and  SEM  microscopy,  and  surface 
roughness  testing. 
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2.1  Fabrication  of  Composite  Panels 
Panel  Fabrication  Dimensions: 

Approximately  12"x36"x0.080'\  16  plies  of  Magnamite  Tape. 

Material  Used: 

Magnamite  AS4/3S01-6  Graphite  Prepreg  Tape  from  Hercules  Aerospace  Products 
Group,  Magna,  Utah. 

Fabrication  Procedure: 

Prepreg  Tape  plies  were  precut  to  nze  according  to  proper  angle  and  fiber  orientation 
specifications  and  stacked  in  ermined  sequence.  Each  ply  was  moved  from 

the  holding  stack  to  thi:  layup  in  the  proper  sequence  and  fiber  orientation.  Precut 
tape  was  placed  on  the  base  plate  one  layer^ly  at  a  time,  mating  the  surface  of  the 
plies  and  removing  any  wrinkles  and  trapped  air,  using  a  plastic  hand  squeegee.  The 
protective  cover  was  removed  after  mating  the  plies.  The  next  ply  was  positioned, 
mated  with  the  squeegee  in  the  same  manner  and  the  protective  cover  removed.  This 
process  was  repeated  until  the  proper  number  of  plies  were  stacked  to  complete  the 
layup.  A  checkoff  sheet  was  used  to  keep  track  of  the  ply  number  and  orientation. 

The  16  plies  quasi-isotropic  panels  had  the  orientation  [0®2.  90®,  ±45®,  90®,  ±45®],, 
while  the  12-ply  panels  used  for  initial  screening  had  the  orientation  [0®2,  90®2,  0®, 
90®],. 

The  completed  composite  lay-up  was  then  sandwiched  between  layers  of  bleeder 
cloth  and  placed  in  a  vacuum  bag.  Vacuum  was  applied  and  pulled  overnight  at 
room  temperature  prior  to  autoclave  curing.  The  vacuum  was  maintained  at  a 
minimum,  of  25"  of  Hg  throughout  the  cure  cycle.  The  autoclave  cure  cycle,  shown 
on  Figiue  2.1,  took  approximately  5  hours  and  50  minutes  to  complete  and  consisted 
of  the  following  temperature/pressure  cycle; 


Temperature:  (start  fh)m  80**F) 

Ramp  temperature  to  225**?  at  a  rate  of  ~2.S'*FAnin.  and  bold  at  225**?  for  1  hour. 
Ramp  to  3S0**F  at  ~2.1**F/niin.  and  maintain  3S0**F  for  2  houn.  Stan  cool  down 
ramp  down  to  1(X)^F  at  ~S**F/iiiin.  and  hold  at  1(X)^. 

Pressure:  (start  from  0  psi) 

Ramp  to  SO  psi  at  a  rate  of  ~1  psi/min.,  maintain  at  SO  psi  while  temperature  cycle  is 
at  22S‘*F.  Ramp  to  8S  psi  at  ~1  psi/tnin.  and  hold  throughout  3S0*’F  cure  cycle  and 
cool  down  to  1(X)^F.  At  this  point  pressure  is  dumped  at  ~S  psi/min.  The  cycle  is 
then  completed.  The  cure  cycle  is  shown  in  Figure  2.1. 

2.2  Paint  Description  and  AppliaUkm 

Composite  panels  were  water-washed,  blown  dry  with  air  and  air-dried  overnight 
prior  to  application  of  the  primer  paint  This  was  done  to  remove  any  residue  on  the 
panels  from  the  ultrasound  test. 

Deft  (Mil-P-23377D)  02-Y-24  EpoxyoPt^yamide  Primer. 

Component  A  was  mixed  on  a  paint  shaker  for  S  minutes  to  redisperse  settled 
pigment.  Component  B  was  slowly  added  to  component  A,  while  hand  mixing  until 
a  ratio  of  one-to-one  by  volume  was  achieved.  The  A/B  components  were  mixed  at 
low  shear  on  a  lab  type  paddle  mixer  for  5  minutes.  The  mix  was  then  allowed  to 
stand  for  30  minutes  prior  to  application.  The  viscosity  without  thinning  was 
adequate  for  spraying,  between  16  and  17  seconds  on  a  #2  Zahn  cup.  The  paint  was 
strained  through  two  layers  of  cheese-cloth  while  being  added  to  the  spray  cup. 
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Binks®  convendonal  tpray  equipment  with  a  pressure  cup  setup  were  used  for 
application  of  the  primer.  A  line  pressure  of  30  psi  and  cup  pressure  of  S  psi  were 
used  with  a  number  63  needle  and  nozzle  combination.  The  primer  was  applied  in 
single  pass  at  a  wet  film  thickness  of  approximately  2.S  mils  having  a  dry  film 
thickness  between  0.6  and  0.7  mils.  The  primed  panels  were  allowed  to  air  dry  for  2 
houn  before  applying  the  topcoat 

Deft  (MiUC-83286B),  03-GN-74  Aliphatic  Polyurethane  Topcoat. 

Component  I  was  mixed  on  a  paint  shaker  for  S  minutes  to  redisperse  settled 
pigment  Component  n  was  slowly  added  to  component  I  while  hand  stining  until  a 
rado  of  one-to-one  by  volume  was  reached.  The  blend  was  mixed  on  a  lab  paddle 
mixer  for  5  minutes.  No  induction  period  was  required  for  this  paint;  however,  we 
typically  let  it  stand  20  minutes  prior  to  ai^licadon.  The  viscosity  as  mixed  was 
approximately  17  seconds  on  the  #2  Zahn  cup  and  required  no  additional  thinning. 

Application  was  done  using  the  same  Sinks  equipment  as  the  primer  with  the  same 
setup  and  conditions.  The  topcoat  was  applied  using  two  cross-coat  passes  allowing 
15  minutes  air  diy  between  passes.  Hie  coating  was  applied  to  a  total  dry  film 
thickness  of  2.0  mils  ±0.3  mils.  Finish  coated  panels  were  air  dried  at  70**F  and  50% 
RH  for  7  days.  A  post-cure  of  4  days  at  212^F  wu  done  in  addition  to  pre-age 
panels  for  testing. 

2.3  Ultrasonic  Testing  of  Composite  Panels 

All  ultrasonic  testing  was  done  by  Aerospace  Testing  Laboratory  in  Windsor. 
Connecticut.  This  subcontractor  was  chosen  because  of  their  broad  knowledge  of 
nondestructive  inspection  techniques,  recognized  quality,  and  willingness  to  work 
with  us  on  a  research-oriented  projecL  They  are  approved  by  all  mitjor  aircraft 
manufacturers  and  the  Department  of  Defense. 
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The  pulse-echo  method  of  inspection  was  used  with  KB-6000  equipment.  The  probe 
had  specifications  of  10  Mhz,  1"  focus,  and  1/4”  diameter.  The  final  gain  level 
selected  was  25  dB.  The  threshold  level  was  determined  by  cross-sectioning  several 
panels  where  possible  voids  or  delaminadons  were  indicated.  In  essence,  this  was  the 
calibration  standard  necessary  with  all  ultrasound  tests. 

The  submersion  tanks  originally  used  were  filled  with  water  which  had  been  left  to 
sit  overnight  to  dissipate  any  air  bubbles.  This  procedure  was  somewhat 
inconvenient  because  normally  the  tanks  would  have  contained  some  Immunol  1228, 
a  corrosion  inhibitor  for  metals.  Several  mechanical  and  physical  property  tests  were 
conducted  on  specimens  exposed  to  100%  Immunol  with  no  degradation.  Based  on 
these  tests,  subsequent  submersion  tanks  contained  S%  Immunol,  which  is  standard 
practice  at  Aerospace  Testing  Lab. 

The  panels  were  placed  on  an  aluminum  disk  and  put  into  the  immersion  tank.  As 
the  disk  rotated,  the  probe  moved  along  the  radius,  and  the  plotter  recorded  the  preset 
attenuation  threshold.  Panels  with  excessive  void  content  and  delaminations  were  not 
used  in  our  studies. 

2.4  Mechanical  Testing  of  Composite  Panels 
To  test  for  damage  at  the  panel  surface  that  is  due  to  fiber  breakage  or  matrix 
degradation,  a  flexure  test  was  used.  The  flexure  test  is  ideal  for  surface 
investigation  because  the  outermost  ply  has  the  highest  strain,  and  any  surface 
damage  will  cause  a  greater  decrease  in  flexural  strength  than  that  seen  with  pure 
tension  or  compression  tests.  Initially  in  our  program,  an  investigation  was 
conducted  to  determine  whether  the  surface  to  be  examined  should  be  tested  in 
tension  or  compression.  Typically,  a  composite  flexure  specimen  will  fail  in 
compression  when  the  fibers,  which  are  running  lengthwise,  break  or  buckle.  We 
found  this  to  be  irue  for  most  of  our  trial  tests.  By  putting  the  painted  side  of  the 
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specimen  in  compression,  there  will  be  a  reduction  in  flexural  strength  if  either  the 
fiber  or  matrix  is  dannaged  and  the  specimen  fails  in  conqnvssion.  A  tensile  failure 
may  still  show  a  lower  strength  because  of  the  loss  of  material  on  the  compression 
side  caused  by  the  paint  removal  process. 

The  flexure  tests  followed  ASTM  D  790  procedures.  Flexural  Properties  of 
Nonreinforced  and  Reinforced  Plastics  and  Electrical  Insulating  Materials.  ASTM  D 
790  is  a  three-  or  four-point  bend  test  with  a  relatively  long  span  causing  the 
specimen  to  fail  in  flexure.  The  three-point  method  places  the  loading  nose  at  the 
center  of  the  specimen  where  the  load  peaks,  making  the  influence  of  the  nose  on  the 
failure  an  issue.  To  avoid  the  loading  nose  problem,  we  used  the  four-point  bend 
method  which  has  a  region  of  constant  highest  load  between  the  load  noses.  A  span- 
to-depth  ratio  of  40  was  used  to  ensure  the  proper  failure  mode.  Initial  tests  with 
lower  ratios  resulted  in  some  shear  failures  which  are  unacceptable.  The  specimen 
geometry  was  1  inch  (width)  by  S  inches  (length,  zero  direction)  with  a  nominal 
thickness  of  0.080  inches.  The  load  span  was  1.6  inches  and  the  suppon  span  3.2 
inches.  Both  the  load  and  support  noses  were  0.25  inches  diameter  stainless  steel 
rods.  The  cross-head  travel  rate  was  set  to  produce  a  strain  rate  of  1%  per  minute  on 
the  outer  fibers  of  the  specimen. 

Most  of  the  panels  were  also  tested  for  interlaminar  shear  strength  using  ASTM  D 
2344,  Apparent  Interlaminar  Shear  Strength  Of  Parallel  Fiber  Composites  By  Short 
Beam  Method.  This  test  is  commonly  used  for  quality  control  purposes  and  as  a 
comparative  test.  It  involves  a  three-point  bend  test  with  a  very  shon  span  so  that 
the  specimen  fails  in  shear  as  opposed  to  bending.  The  specimen  geometry  was  0.25 
inches  (width)  by  1  inch  (length,  zero  direction),  with  a  nominal  thickness  of  0.080 
inches.  The  suppon  span  was  0.70  inches.  The  load  nose  had  a  diameter  of  0.25 
inches,  and  the  support  noses  were  0.25  inches.  The  cross-head  travel  rate  was  0.05 
inches  per  minute. 
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All  specimens  were  measured  before  testing.  Load  versus  deflection  data  was 
recorded  for  each  test  and  after  failure,  the  failure  mode  was  recorded.  All  data  and 
specimens  were  saved  for  further  inspection  if  necessary. 

2.5  Plastic  Media  Blasting  of  Test  Panels 

In  the  test  program,  plastic  media  blasting  (PMB)  was  used  on  the  control  depainting 
process.  The  test  panels  were  painted  and  depainted,  using  PMB  four  successive 
times.  An  Arthur  D.  Little  engineer  performed  the  actual  depainting  at  an  abrasive 
blasting  equipment  manufacturer,  Empire  Abrasive  Equipment  Corporation,  in 
Langhome,  Pennsylvania.  We  performed  the  depainting  in  a  FaStrip  Pro-Finish  blast 
cabinet,  which  is  manufactured  by  Empire. 

The  plastic  blast  media  used  during  testing  was  SolidStrip  Type  L,  manufactured  by 
E.I.  duPont  de  Nemours  and  Company,  Inc.,  in  Wilmington,  Delaware.  This  is  a 
Type  V  media  (acrylic  -  thermoplastic),  as  specified  in  the  Naval  Military 
Specification  (MIL-P-8S891(AS]).  Type  V  media  was  chosen  because  of  its 
combination  of  low  abrasiveness  and  adequate  paint  removal  rate.  The  media  used 
had  a  hardness  of  approximately  3.S  MOH  and  a  mesh  size  of  30  -  40  U.S.  sieve 
size. 


We  performed  the  depainting  according  to  Naval  Specifications.  To  control  the 
blasting  parameters,  the  spray  nozzle  was  placed  in  a  stationary  holding  device. 
Specifically,  the  following  blasting  parameters  were  used: 


-  Blast  Angles 

-  Standoff  Distance 

-  Blast  Pressure 

-  Media  Flow  Rate 


70  degrees  from  the  panel  surface 
12  inches 

30  PSl  at  the  nozzle 

250  Ibs/hr,  using  a  1/4-inch-diameter  blast  nozzle 
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Initially,  the  blast  cabinet  was  thoroughly  cleaned  of  all  media  and  contaminants  that 
may  have  been  in  the  system.  A  weighed  amount  of  media  was  then  added.  The 
nozzle  was  then  set  for  the  proper  blast  angle  and  standoff  distance.  Initial  blasting 
(without  test  panels)  was  then  perfonned  to  set  the  blast  pressure.  Blasting  was  then 
continued  for  approximately  20  minutes,  so  that  the  media  could  pass  through  the 
recycle  system  twice  to  remove  any  impurities  that  might  be  present  in  the  media. 

At  this  point,  blasting  was  stopped,  and  the  recycle  ports  were  opened  to  maximize 
media  wasting.  By  maximizing  wasting  during  the  testing,  we  minimized  the 
potential  of  paint  chips  and  other  impurities  from  entering  the  system  and  affecting 
test  results. 

The  panels  were  then  depainted.  The  test  panel  was  placed  on  a  horizontal  surface 
and  moved  under  the  blast  spray  manually,  using  the  primer>as-flag  depainting 
method.  In  this  technique,  an  area  of  the  test  panel  was  blasted  until  the  green 
topcoat  was  removed,  and  the  yellow  primer  was  visible,  at  which  time  the  spray  was 
redirected  to  a  new  area.  Depainting  times  and  visual  observations  were  recorded  for 
each  panel  depainted.  When  the  media  in  the  system  wv  i  'rpleted,  more  media  was 
added  and  recycled  for  20  minutes,  as  was  done  during  startup.  Depainting  was 
continued  until  all  the  panels  were  depainted. 

Figure  2.S-1  shows  the  PMB  blast  cabinet,  and  Figure  2.5-2  shows  the  cabinet 
interior. 
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Figure  2 J«2  PMB  Diast  Cabinet  Interior 
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3.0  Promising  Paint  Removal  Technologies 


3.1  Sodium  Bicarbonate  Blasting 

Church  and  Dwight  Company,  Inc.,  (Princeton,  New  Jersey)  and  Schmidt 
Manufacturing,  Inc.,  (Houston,  Texas)  have  developed  a  blasting  process  which 
utilizes  Annex  (sodium  bicarbonate)  blasting  media  and  Accustrip  blasting 
equipment.  The  Armex/Accustrip  system  works  in  a  similar  manner  to  plastic  media 
blasting  (PMB)  with  the  main  difference  being  the  substitution  of  a  sodium 
bicarbonate  and  water  blend  for  the  plastic  media.  Potential  advantages  of  the 
Armex/Accustrip  system  over  PMB  are  minimal  dust  citation,  minimal  surface 
preparation,  since  the  system  removes  oil  and  grease;  the  media  is  soluble  in  water, 
making  it  easier  to  separate  hazardous  waste;  the  process  removes  surface  corrosion; 
it  is  nontoxic;  and  it  is  not  a  fire  or  explosion  hazard.  Currently,  the  major  question 
concerning  the  system  is  whether  or  not  the  media  will  cause  corrosion  on  metal 
substrates.  The  corrosion  issue  is  being  investigated  by  other  sources,  and  this 
program  focused  on  the  ability  of  the  system  to  remove  paint  and  operate  effecdvely 
in  large-scale  removal  operations. 

3.1.1  Initial  Investigations 

Three  12-ply  epoxy-graphite  composite  test  panels  of  alternating  0**/90**  orientation 
were  stripped  by  Church  and  Dwight  using  their  Annex  media  and  Accustrip  II 
blasting  equipment  The  objective  of  this  work  was  to  determine  initial  feasibility  of 
the  process  for  stripping  polyurethane  topcoat  (MIL'C-83286)  from  graphite/epoxy 
composite  panels. 
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The  following  parameters  were  constant  for  each  of  the  three  composite  panels: 

Flow  Rate  <  2#/minute 
Standoff  -  12-16  inches 

Angle  -  70-80® 

Nozzle  Diameter  -  5/16" 

Media  -  Annex  Fine  Grade 

The  nozzle  pressure  was  varied  (20,  30,  and  40  psig)  for  each  of  these  panels. 

The  objective  in  stripping  the  topcoat  from  these  panels  was  to  tenninate  removal 
>vithin  the  epoxy  primer  (MIL-P-23377)  layer.  Opdmum  stripping  control  was 
realized  when  all  of  the  topcoat  was  removed,  and  no  penetration  through  the  primer 
and  into  the  composite  occurred. 

The  top  three  quarters  of  each  of  these  panels  were  stripped  to  the  epoxy  primer  or 
"flag"  level  to  determine  if  the  above  stated  objective  was  possible.  The  bottom 
quarter  of  these  panels  was  stripped  until  all  the  topcoat  and  then  all  the  primer  was 
removed.  This  was  done  to  1)  obtain  an  understanding  of  the  removal  of  the  epoxy 
primer  and  2)  study  the  effects  the  system  has  on  the  composite  panel  when  stripping 
is  performed  beyond  the  desired  end  point. 

Stripped  panels  were  evaluated  with  both  the  naked  eye  and  an  optical  microscope. 
Results 

Panel  1  -  This  panel  was  stripped  using  a  nozzle  pressure  of  20  psig.  In  the  area 
stripped  to  the  primer  level,  the  removal  appeared  very  effective  overall.  Essentially 
all  of  the  topcoat  was  removed  and  minimal  penetration  (about  10%)  to  the 
composite  occurred.  The  surface  appears  quite  smooth  and  the  process  demonstrated 
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effectiveness  in  using  the  yellow  epoxy  primer  as  a  flag.  In  several  isolated  areas  of 
the  panel,  penetration  to  the  top  surface  of  the  first  layer  of  fibers  occurred.  There 
appears  to  be  some  entrainment  of  the  sodium  bicarbonate  particles  in  the  primer, 
although  a  more  powerful  microscope  will  be  required  to  verify  this. 

In  the  area  stripped  just  through  the  epoxy  primer,  penetration  occurred  to  the  first 
layer  of  fibers  over  roost  of  the  area.  Removal  only  to  the  gelcoat  of  the  composite 
occurred  in  isolated  areas.  Approximately  95%  of  the  primer  was  removed.  This 
indicates  that,  at  these  operating  conditions,  the  Armex/Accustrip  system  may  be 
capable  of  effectively  controlling  primer  removal  with  minimal  damage  to  the  fibers. 
However,  further  evaluation  (mechanical  property  testing)  is  warranted  to  verify  this 
result. 

Panel  2  ••  This  panel  was  stripped  using  a  nozzle  pressure  of  30  psig.  Results  were 
very  similar  to  Panel  1  with  a  slight  improvement  in  control. 

Panel  3  ••  This  panel  was  stripped  using  a  nozzle  pressure  of  40  psig.  Results  were 
very  similar  to  Panel  2  with  a  slight  improvement  in  control. 

Church  and  Dwight  believes  that  the  increased  stripping  control  with  increased 
pressure  is  due  to  a  shorter  dwell  time. 

Church  and  Dwight  also  provided  a  video  tape  of  these  stripping  operations.  The 
basic  process  appears  to  assimilate  plastic  media  blasting  rather  closely  in  that  the 
process  is  very  operator  dependent,  and  paint  is  removed  in  a  similar  manner.  The 
process  appeared  to  be  controllable  (ability  to  stop  at  the  epoxy  primer).  The 
removal  rate  of  the  primer  was  markedly  faster  than  the  urethane  topcoat.  Quite  a  bit 
of  overspray  (water  and  sodium  bicarbonate)  was  observed. 
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effectiveness  in  using  the  yellow  epoxy  primer  as  a  flag.  In  several  isolated  areas  of 
the  panel,  penetration  to  the  top  surface  of  the  first  layer  of  fibers  occurred.  There 
appears  to  be  some  entrainment  of  the  sodium  bicarbonate  particles  in  the  primer, 
although  a  more  powerful  microscope  will  be  required  to  verify  this. 

In  the  area  stripped  just  through  the  epoxy  primer,  penetradon  occurred  to  the  first 
layer  of  fibers  over  most  of  the  area.  Removal  only  to  the  gelcoat  of  the  composite 
occurred  in  isolated  areas.  Approximately  95%  of  the  primer  was  removed.  This 
indicates  that,  at  these  operaring  conditions,  the  Armex/Accustrip  system  may  be 
capable  of  effectively  controlling  primer  removal  with  minimal  damage  to  the  fibers. 
However,  further  evaluation  (mechanical  propeny  testing)  is  warranted  to  verify  this 
result. 

Panel  2  --  This  panel  was  stripped  using  a  nozzle  pressure  of  30  psig.  Results  were 
very  similar  to  Panel  1  with  a  slight  improvement  in  control. 

Panel  3  -  This  panel  was  stripped  using  a  nozzle  pressure  of  40  psig.  Results  were 
very  similar  to  Panel  2  with  a  slight  improvement  in  control. 

Church  and  Dwight  believes  that  the  increased  stripping  control  with  increased 
pressure  is  due  to  a  shorter  dwell  time. 

Church  and  Dwight  also  provided  a  video  tape  of  these  stripping  operations.  The 
basic  process  appears  to  assimilate  plastic  media  blasting  rather  closely  in  that  the 
process  is  very  operator  dependent,  and  paint  is  removed  in  a  similar  manner.  The 
process  appeared  to  be  controllable  (ability  to  stop  at  the  epoxy  primer).  The 
removal  rate  of  the  primer  was  markedly  faster  than  the  urethane  topcoat.  Quite  a  bit 
of  overspray  (water  and  sodium  bicarbonate)  was  observed. 
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The  following  removal  rates  were  calculated: 


Panel 

Pressure 

To  Primer 

To  Composite 

1 

20  psig 

0.09  ftVmin 

0.05  ftVmin 

2 

30  psig 

0.13  ftVmin 

0.08  ftVmin 

3 

40  psig 

0.17  ftVmin 

0.06  ftVmin 

Based  on  these  data,  the  removal  rate  increase  was  essentially  proportional  to  the 

increase  in  nozzle  pressure.  These  rates  are  low,  but  this  can  be  expected  in  a  "first- 

run"  trial. 

Conclusions 

1.  Initial  feasibility  of  the  Armex/Accustrip  system  for  removing  topcoat  from 
epoxy-graphite  composite  panels  was  demonstrated 

2.  The  Armex/Accustrip  system  showed  very  good  control  capabilities  for  stopping 
within  the  "flag"  or  epoxy  primer  layer.  Minimal  penetration  into  the  composite 
occurred. 

3.  Stripping  rates  were  on  the  low  side.  Continued  testing  and  optimization  effons 
are  necessary  to  improve  these  rates. 

4.  Mechanical  property  testing  needs  to  be  performed  to  verify  that  no  structural 
damage  has  occurred  within  the  composite. 

3.1.2  Initial  Mechanical  Property  Testing 

Sixteen-ply  quasi-isotropic,  epoxy  graphite  panels  for  mechanical  property  testing 

purposes  were  prepared  and  ultrasonically  tested.  They  were  subsequently  stripped 
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by  Church  and  Dwight  using  a  nozzle  pressure  of  40  PSIG,  12-  to  16-inch  standoff, 
70-  to  80-degiee  blast  angle,  and  2  Ib/rnin  flow  rate  with  the  fine  grade  medium. 

One  panel  was  stripped  to  the  epoxy  primer  or  flag  level,  while  the  second  panel  was 
stripped  until  all  the  epoxy  primer,  along  with  the  topcoat,  was  removed  to  simulate  a 
worst-case  situation. 

Upon  the  return  of  these  panels  to  Arthur  D.  Little,  they  were  ultrasonically  tested, 
recoated,  and  cured,  as  appropriate.  Samples  for  mechanical  property  testing  were 
then  prepared.  SEM  examination  was  also  performed  on  these  test  specimens. 

.  ,  Mechanical  Property  Testing 

Flexure  and  Shear  Test  Results  -  Panels  60882-15'!  and  -2 
Results  are  presented  in  the  attached  tables  of  mechanical  tests  performed  to  evaluate 
the  effects  of  paint  removal  methods.  Four  surface  conditions  were  investigated  for 
each  of  two  panels.  Note  that  the  specimen  lettering  sequence  is  different  from 
previous  tests;  however,  the  data  is  presented  in  the  same  order  as  before. 


60882-15-1,2 


•B  uncoated  panel  (control) 

-A  primed  and  top-coated 
-D  -A  and  paint  removed 
-C  -D  and  new  primer  and  top  coat 


In  all  cases,  the  surface  of  interest  was  tested  in  compression.  Figures  3. 1.2-1  and 
3. 1.2-2  show  the  flexural  and  shon  beam  shear  data  for  these  samples. 


Neither  process  shows  a  statistically  significant  decrease  in  strength  because  of  the 
single-paint  removal  process. 
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Figure  3.1.2*2  Bicarb  Blast  -  Through  Primer 
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Scanning  electron  microscopy  (SEM)  was  used  to  evaluate  the  surface  condition  of 
each  group  within  panel  60882'15'1  and  -2.  SEM  was  also  used  to  evaluate  panel 
60882-13-2,  which  was  stripped  using  a  rotary  sander.  A  descripdon  of  the 
observations  follows: 


60882- IS- 1-B 

60882-lS-l-A 

60882- IS- 1-D 

60882-lS-l-C 

60882- 15-2-D 

60882- 1S-2-C 


Relatively  lesin  rich  with  peel  ply  pattern  visible. 

Bumpy  but  uniform  and  no  large  peaks  or  valley.  Some  areas  flat 
and  cracked. 

Rough  with  jagged  appearance,  uniform  (stripped  to  primer) 

Similar  to  -A  but  rougha*  and  some  fiber  particles. 

Fibers  clearly  visible  (stripped  to  laminate).  Minimal  matrix  damage, 
although  significant  removal.  No  fiber  damage. 

Almost  identical  to  IS-l-A  but  slightly  rougher.  No  flat  cracked 


areas. 


60882- 13-2-C  Very  rough  and  nonuniform.  Grooves  visible.  Idinimal  fiber 
damage. 

60882-13-2-D  Identical  to  1S-2-C. 


There  is  little  correlation  at  this  dme  of  the  surface  condidon  and  mechanical 
properties.  Further  invesdgation  would  be  useful. 


Overall,  the  results  indicate  that  no  damage  occuired  to  the  composite.  As  such,  it 
appeared  feasible  to  increase  the  pressure  of  the  Armex/Accustrip  system  in  order  to 
increase  the  coating  removal  rate. 

In  an  effort  to  increase  stripping  rates,  discussions  were  held  with  Bill  Spears  of 
Church  and  Dwight  Co.,  Inc.  Because  very  minimal  damage  to  the  stripped  panels 
was  observed,  it  was  agreed  that  an  experiment  using  increased  operating  pressures 
should  be  performed.  Other  suggestions  were  to  decrease  the  amount  of  water 
combined  with  the  sodium  bicarbonate,  and  to  use  a  coarser  grade  media.  We 
subsequently  supplied  Church  and  Dwight  with  16  composite  panels  to  use  in  this 
second  parameter  study. 

In  the  first  run,  Church  and  Dwight  focused  on  using  increased  pressures  (up  to  60 
psi)  with  the  fine-grade  media  in  order  to  increase  stripping  rates.  Bill  Spears 
reported  that  progress  was  made,  but  stripping  rates  were  still  too  low. 

Next,  Church  and  Dwight  performed  a  parameter  study  using  the  coarse-grade 
ARMEX  MPG  blast  medium.  The  testing  was  performed  with  and  without  the 
incorporation  of  water.  Fixed  parameters  were  a  media  flow  rate  of  2-lbs/minute, 
standoff  distance  of  18  inches,  a  #8  (1/2-inch)  nozzle,  and  a  primary  blasting  angle  of 
60  degrees,  although  lower  angles  were  also  used  on  occasion. 

Significant  improvements  in  stripping  rates  were  achieved.  Best  results  were 
obtained  using  dry  blasting  at  60  psig.  Removal  rates  of  about  0.70  ft^/minute  were 
achieved,  which  is  four  times  the  highest  previous  stripping  rates  of  0.17  ft^/minute. 
The  control  of  this  system  at  these  settings  was  good  to  very  good.  Removal  to  the 
primer  occurred  over  about  75%  of  the  panel.  In  areas  where  all  the  primer  was 
removed,  fibers  were  exposed  but  appear  undamaged  (optical  microscope  at  lOOX 
magnification). 
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In  a  subsequent  discussion,  Church  and  Dwight  stated  that  using  these  parameters 
with  the  Armex/Accustrip  system,  the  maximum  stripping  rates  achievable  on 
graphite-epoxy  composites  is  about  1.0  ftVminute.  He  also  requested  additional 
composite  panels.  As  such,  we  are  preparing  two  1-ft  x  2.S-ft  composite  panels 
(which  will  be  coated  on  both  sides)  for  their  use  in  the  final  optimization  of  the 
process. 

In  trial  stripping  of  the  two  1-foot  by  2  1/2-foot  graphite-epoxy  composite  panels, 
optimized  conditions  were  found  to  be  60  psi  blasting  pressure,  2  pounds  MPG 
media/minute  (dry),  60°  blast  angle,  and  a  standoff  distance  of  18  inches  with  the 
1/2-inch  nozzle. 

Using  these  parameters,  stripping  rates  of  approximately  1  ft^/minute  were  achieved. 
The  control  of  the  process  was  generally  good,  but  varied  somewhat  from  panel  to 
panel.  Penetration  through  the  primer  occurred  in  areas.  Examination  under  an 
opdcal  microscope  showed  that,  in  these  areas,  the  resin  rich  layer  was  eroded  and 
the  first  layer  of  fibers  was  exposed.  Fiber  damage  appeared  minimal. 

The  next  panel  stripped  by  Church  and  Dwight  showed  very  good  control  with 
minimal  penetration  through  the  primer  and  a  stripping  rate  of  1.02  ft^/minute 
(Figure  3. 1.2-3).  A  high-quality  lb-ply  quasi-isotropic  test  panel  was  also  stripped 
for  mechanical  property  evaluation,  using  the  optimized  parameters. 

The  flexural  strength  of  this  panel  4  is  shown  in  Figure  3. 1.2-4.  No  statistically 
significant  reduction  in  strength  was  observed 

On  June  22,  1989  at  the  "BOSS"  Technical  Interchange  in  San  Antonio,  a 
demonstration  of  the  Armex/Accustrip  system  was  performed  at  Kelly  Air  Force 
Base.  A  scrap  (all-metal)  tail  piece  was  stripped.  Stripping  was  performed  at  SO  to 
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Figure  3.1.2>3  Bicarb  Stripping 
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Figure  3.1.2-4  Bicarb  6/90  -  Optimized 


60  psig.  The  system  removed  topcoat  and  primer  quite  effectively  (roughly  O.S 
ft^/minute).  In  areas  where  a  decal  was  present,  removal  slowed  significantly.  Two 
metal  (aluminum)  surfaces-one  soft,  one  harder-were  encountered.  The  softer 
surface  was  roughened  noticeably.  The  harder  surface  was  left  quite  smooth. 
Removal  around  rivets  appeared  effective.  The  stripping  process  was  loud  (ear  plugs 
required).  A  large  overspray  mist  was  created.  Significant  amounts  of  water  and 
sodium  bicarbonate  were  left  on  the  ground  surrounding  the  tail  piece.  Overall,  the 
process  appeared  to  work  quite  well. 

Also  at  the  conference,  an  environmental  task  group  uncovered  no  significant 
environment  or  health  hazards.  The  clear  need  in  the  environmental  area  for 
bicarbonate  blasting  revolves  around  the  water'treatment  system.  The  technology  is 
available  to  contain  the  heavy  metal  particulates.  Soluble  heavy  metal  compounds 
should  be  extremely  low,  and  dissolved  sodium  bicarbonate  can  actually  be  a  benefit 
to  the  water  treatment  systems. 

Conclusions 

The  results  of  our  laboratory  evaluation  show  that  no  statistically  significant 
reduction  in  flexural  or  interlaminar  strength  after  one  complete  cycle.  The  resulting 
surface  is  rather  rough;  however,  typically  230  microinches  RMS. 
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3.2  Carbon  Dioxide  Pellet  Blasting 

Until  recently,  carbon  dioxide  pellet  blasting  systems  have  been  used  primarily  as  a 
cleaning  process.  It  is  very  effective  in  removing  many  types  of  surface 
contaminants  including:  grease,  tars,  dirt,  asphalts,  and  various  chemical  residue.  In 
this  approach,  liquified  carbon  dioxide  is  allowed  to  flash  into  snow-type  crystals. 
The  "snow”  is  then  compressed  and  extruded  to  the  pellet  size  desired.  These  pellets 
are  then  blasted  onto  the  surface  to  be  cleaned,  and  upon  impact  the  pellets  vaporize, 
leaving  only  the  removed  surface  contaminants  as  waste.  There  are  several  theorized 
removal  mechanisms;  1)  purely  impact/abrasion,  2)  purely  by  embrittlement,  and  3)  a 
combination  of  impact  and  embrittlement. 

Initially,  the  following  companies  were  contacted  regarding  potential  removal  of  the 
paint,  using  the  carbon  dioxide  pellet  blasting  system: 

•  Del  Crane  Corporation  (Milford,  Ohio) 

•  Airco  Industrial  Oases  (Murray  Hill,  New  Jersey) 

•  Liquid  Carbonic  Inc.  (Chicago,  Illinois) 

•  Lockheed  Aeronautical  Systems  Company  (Burbank,  California) 

•  Alpheus  Qeaning  Technology  Corporation  (Rancho  Kugamunga,  California) 

The  general  consensus  of  these  companies  was  that  the  system  was  not  aggressive 
enough  to  effectively  remove  polyurethane  coatings.  The  system  has  removed  paint  in 
some  instance,  but  these  tended  to  be  inherently  brittle  or  weakly  bonded  coating 
systems.  A  potential  use  for  the  system  in  paint  removal  operations  would  be  as  a 
surface  preparation  device  for  the  composite  material  prior  to  coating,  or  for  the 
epoxy  primer  after  completion  of  a  paint  removal  operation. 

Personnel  at  military  facilities  who  have  had  experience  with  COj  pellet  blasting 
systems  were  also  contacted.  Overall,  the  feeling  was  that  the  polyurethane  topcoat 
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was  too  flexible,  abrasion-resistant,  and  impact-absorbing  for  the  CO2  PcUet  blasting 
system. 

Finally,  Cold  Jet,  Inc.,  of  Cincinnati,  Ohio,  was  contacted  regarding  the  CO2  pellet 
blasting  system  which  they  were  developing.  The  system  was  reportedly  able  to 
remove  the  urethane  topcoat  from  metals  and  composites  without  causing  any  damage 
to  these  substrates.  Cold  Jet  explained  that  the  mechanism  for  materia]  removal  is 
totally  nonimpact,  as  the  carbon  dioxide  pellets  sublime  prior  to  reaching  the 
substrate.  It  is  the  heat-transfer  phenomena  which  results  in  material  removal. 
Because  the  atmosphere  which  reaches  the  substrate  surface  is  so  much  colder  than 
the  substrate,  it  pulls  large  amounts  of  heat  from  the  substrate  surface  layers.  This 
creates  a  condition  where  the  immediate  top  surface  layer  is  much  colder  than  the 
layer  immediately  below  it  As  such,  the  chemical  and  physical  bonds  between  these 
layers  relax,  and  the  removal  of  the  top  layer  is  facilitated.  This  phenomena  is 
known  as  fracking. 

Cold  Jet  has  completed  an  initial  trial  involving  the  removal  of  topcoat  from 
aluminum  panels.  Larry  Jones,  Director  of  Sales  and  Engineering  for  Cold  Jet, 
reports  that  they  were  able  to  remove  the  paint,  but  the  operator  misunderstood  the 
stopping  point  and  penetrated  through  the  primer  in  much  of  the  removal  area.  As 
such,  Mr.  Jones  has  requested  a  second  set  of  panels  to  repeat  the  experiment. 

Coated  aluminum  and  composite  panels  were  subsequently  sent  to  Cold  Jet. 

Larry  Jones  also  stated  that  the  final  report  evaluating  their  systems  ability  to  strip 
Boeing  specification  paint  from  aluminum  has  been  completed.  The  report  will  be 
released  to  us  pending  an  explanatory  meeting  with  Cold  Jet  and  Liquid  Carbonics, 
who  sponsored  the  work.  Arrangements  for  this  meeting  are  being  made. 
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The  use  of  various  blasting  pressures  and  mass  flow  rates  with  this  system  is  to 
provide  the  necessary  amount  of  heat  transfer  between  the  sublimed  carbon  dioxide 
"atmosphere"  and  the  top  layer  of  material,  so  that  fracking  occurs.  Cold  Jet  adds 
that  removal  tends  to  occur  layer  by  layer,  as  opposed  to  break-up  within  a  layer 
(i.e.,  the  entire  polyurethane  topcoat  layer  should  be  removed  from  the  epoxy  primer 
layer  all  at  once).  The  major  advantage  that  the  Cold  Jet  system  has  over  other 
carbon  dioxide  pellet  blasting  systems  is  that  the  pellets  are  super-cooled  to  -110°F. 
Other  systems  function  at  the  freezing  point  temperature  of  the  CO2  pellets  (-40°F) 
and  do  not  provide  the  heat  transfer  that  the  Cold  Jet  system  achieves. 


On  October  19.  1989  a  meeting  was  held  at  Cold  Jet,  Inc.,  to  discuss  and  demonstrate 
the  Cold  Jet  carbon  dioxide  pellet  blasting  system.  Key  points  made  by  Cold  Jet 
during  the  discussion  were: 

•  The  Cold  Jet  system  has  three  primary  applications  -  cleaning,  paint 
stripping/surface  preparation,  and  as  a  material-processing  tool. 

•  The  Cold  Jet  system  is  superior  in  many  aspects  to  other  carbon  dioxide  pellet 
blasting  systems,  because  of  their  rectilinear  nozzles,  which  minimize  leading  and 
trailing  edges  and  maximize  blasting  efficiency,  the  TOO-lb/hr  maximum  capacity, 
and  super-cooled  (-1 10°F)  pellets  for  increased  efficiency.  In  addition,  the  Cold 
Jet  systems  are  capable  of  converting  about  52%  of  the  liquid  carbon  dioxide  to 
pellets  in  a  given  cycle  (with  recycle,  essentially  100%  can  be  converted),  while 
other  systems  typically  convert  only  40%  per  pass. 

•  The  Cold  Jet  System  operates  at  a  noise  level  below  130  dB;  however,  the  Air 
Force  requires  less  than  83  dB.  The  Alpheus  system  operates  above  130  dB. 
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•  The  carbon  dioxide  pellets  pioduced  by  the  Cold  Jet  system  are  l.Smm  in 
diameter  and  3nun  in  length.  Three  densities  of  pellets  are  available  -  low- 
density  =  75-85  Ib/fP,  medium-density  «  85-92  Ib/ft^,  and  high-density  ®  92-97 
Ib/ft^.  The  density  of  the  pellets  is  varied  with  a  machine  adjustment 

•  No  pan  deformation  (warping)  has  been  observed  as  a  result  of  the  significant 
thermal  cooling  that  the  parts  receive  from  the  CO2  pellets. 

•  Thicker  coatings  are  often  removed  faster  (than  thinner  coatings)  as  a  result  of 
the  Peking  mechanism.  The  paint  residue  from  the  stripping  process  is 
comprised  of  varying  size  particles,  but  can  be  typically  described  as  fine  and 
dust-like. 

•  Standoff  distances  and  blasting  angles  are  not  as  critical  as  with  PMB. 

•  Hose  lengths  up  to  300  feet  have  been  used  with  minimal  temperature  losses. 

•  A  range  of  Cold  Jet  systems  is  available  dependent  upon  the  application.  The 
cost  of  the  smallest  Cold  Jet  system  is  $144,000.  A  liquid  CO2  (300  psi,  0°F) 
source  and  a  propellant  source  are  also  need^.  These  typically  cost  about 
$40,000.  Operational  costs  are  $12  to  $60/nc 

•  No  breathing  problems  have  been  observed  (oxygen  displacement),  although 
ventilation  is  recommended  in  smaller  areas  of  operation. 

•  The  system  removes  material  by  a  combination  of  thermal  and  kinetic  effects. 
The  degree  to  which  each  is  effected  can  be  varied  depending  on  the  application. 
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•  The  carbon  dioxide  pellets  produced  by  the  Cold  Jet  system  are  1.5mm  in 
diameter  and  3mm  in  length.  Three  densities  of  pellets  are  available  -  low- 
density  =  75-85  Ib/ft^,  medium-density  =  85-92  Ib/ft^,  and  high-density  =  92-97 
Ib/ft^.  The  density  of  the  pellets  is  varied  with  a  machine  adjustment. 

•  No  part  deformation  (warping)  has  been  observed  as  a  result  of  the  significant 
thermal  cooling  that  the  parts  receive  from  the  CO2  pellets. 

•  Thicker  coatings  are  often  removed  faster  (than  thinner  coatings)  as  a  result  of 
the  fracking  mechanism.  The  paint  residue  from  the  stripping  process  is 
comprised  of  varying  size  particles,  but  can  be  typically  described  as  fine  and 
dust-like. 

•  Standoff  distances  and  blasting  angles  are  not  as  critical  as  with  PMB. 

•  Hose  lengths  up  to  300  feet  have  been  used  with  minimal  temperature  losses. 

•  A  range  of  Cold  Jet  systems  is  available  dependent  upon  the  application.  The 
cost  of  the  smallest  Cold  Jet  system  is  $144,000.  A  liquid  CO2  (300  psi,  0®F) 
source  and  a  propellant  source  are  also  needed.  These  typically  cost  about 
$40,000.  Operational  costs  are  $12  to  $60/hour. 

•  No  breathing  problems  have  been  observed  (oxygen  displacement),  although 
ventilation  is  recommended  in  smaller  areas  of  operation. 

•  The  system  removes  material  by  a  combination  of  thermal  and  kinetic  effects. 
The  degree  to  which  each  is  effected  can  be  varied  depending  on  the  application. 
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•  Good  paint  removal  results  have  been  achieved  on  composites.  However,  some 
vOmposites  are  not  compatible  with  the  Cold  Jet  system.  For  example,  when 
removing  paint  from  radomes,  some  damage  to  the  radomes  has  been  observed. 

•  The  bond  strength  of  materials  applied  to  surfaces  which  were  previously 
stripped  with  the  Cold  Jet  system  have  been  reported  to  be  108%  to  1 10%  higher 
than  the  original  bonds.  This  indicates  that  the  system  is  an  effective  surface- 
preparation  device. 

•  At  present,  no  Cold  Jet  systems  are  being  used  by  the  military. 

•  An  effective  carbon  dioxide  pellet  blasting  system  for  paint  removal  from  aircraft 
will  require  robotic  operation,  and  a  suitable  feedback  vision  system. 

A  demonstration  of  the  Cold  Jet  system  was  performed.  There  were  two  main 
components  to  the  system:  the  carbon  dioxide  pellet  "generator  and  supplier,"  and  the 
robotically  conuollcd  delivery  system.  The  delivery  system  manipulated  the  nozzle 
in  the  x-y-z  directions.  Key  control  parameters  for  the  delivery  system  were  distance 
and  angle  from  the  substrate,  traversing  speed  and  scan  rate,  mass  flow  rate,  and 
pressure  at  the  nozzle. 

The  fu'st  item  stripped  was  a  2-foot  by  2-foot  aluminum  panel  with  a  coating  that 
was  identified  as  being  an  epoxy,  although  the  coating  was  fairly  soft.  The  Cold  Jet 
system  was  able  to  effectively  remove  the  coating  at  a  fairly  good  rate.  Minimal 
surface  damage  to  the  aluminum  was  observed. 

Next,  we  attempted  to  strip  an  epoxy-graphite  panel  with  the  standard  epoxy  primer 
and  urethane  topcoat.  Initially,  the  Cold  Jet  system  was  run  at  "low  pressure  and 
mass  flow  rate"  to  insure  that  the  panel  was  not  damaged.  This  resulted  in  no 
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noticeable  removal  of  topcoat.  Over  several  additional  trial  runs,  the  settings  were 
increased  and  the  di.  '.nee  between  the  nozzle  and  the  panel  was  reduced  to  facilitate 
removal.  However,  topcoat  removal  was  ineffective.  At  this  point,  it  was  decided 
that  operating  conditions  for  effective  removal  would  have  to  be  further  studied  at  a 
later  time. 


Coated  aluminum  test  panels  were  provided  to  Cold  Jet,  Inc.,  so  that  a  parameter 
study  could  be  performed.  The  result  of  this  study  was  the  successful  removal  of  the 
topcoat  and  primer.  Examination  of  the  panels  and  the  videotape  revealed  the 
following: 

1)  The  Process  -  The  system  used  in  this  trial  was  a  Cold  Jet  Model  65  Pelletizer. 
The  pellets  were  delivered  through  a  1.5*inch-wide  rectangular  nozzle  which  was 
controlled  by  a  robotic  arm.  Tlie  following  operating  parameters  were  used: 


Pressure  at  nozzle 
Standoff  distance 
Nozzle  angle 
Traversing  speed 


-  approx.  225  psi 

•  2  inches 

•  80  degrees 

-  0.75  to  1.25  feet  per  minute 


The  removal  in  a  given  area  was  achieved  with  a  single  pass  of  the  nozzle.  Panels 
were  taped  onto  a  horizontal  table  during  the  removal  process. 


21  Comtwsite  panel  •  An  area  of  approximately  3  inches  by  10  inches  on  this 
composite  panel  was  stripped.  The  nozzle  traversed  the  panel  at  a  speed  of  about 
1.25  ft/minute.  The  width  of  each  pass  was  approximately  1.5  inches,  providing  a 
removal  rate  of  about  0.16  ft^/minute.  Although  the  large  majority  of  paint  was 
removed,  the  ability  of  the  system  to  stop  within  primer  layer  was  not  demonstrated. 
In  fact,  in  the  areas  where  the  paint  was  removed,  penetration  was  often  to  the  first 
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or  second  layer  of  fibers.  The  level  of  penetration  was  very  variable.  That  is> 
penetration  was  most  often  to  the  second  layer  of  fibers,  somewhat  less  often  to  the 
first  layer  of  fibers,  and  occasionally  to  the  gelcoat  or  topcoat  (no  penetration). 
Penetration  to  the  epoxy  primer  layer  was  very  limited.  Material  removal  tends  to 
occur  in  layers  (i.e.  either  complete  or  no  removal  occurs  within  a  given  layer  - 
topcoat,  primer,  gelcoat,  and  composite  ply). 

It  appears  that  the  operating  conditions  were  too  severe  for  the  composite  panel.  In 
addition,  it  appeared  that  it  would  be  helpful  to  perform  this  paint  removal  operation 
using  more  than  one  pass  with  the  nozzle.  Unfortunately,  the  removal  rates  were  also 
on  the  low  side.  Therefore,  reduction  of  operating  parameters  to  improve  the  control 
of  the  level  of  penetration  would  most  likely  decrease  the  removal  rates.  Overall,  the 
Cold  Jet  system  did  not  demonstrate  the  ability  to  remove  paint  from  graphite-epoxy 
composites  with  the  required  control  and  speed. 

3)  Aluminum  Panel  -  An  area  of  approximately  1.5  inches  by  11  inches  was  stripped 
with  one  pass  of  the  blasting  nozzle  (80  seconds).  This  provided  a  traversing  speed 
of  0.75  ft/minute,  and  a  removal  rate  of  about  0.1  ft^/minute.  Complete  removal  of 
the  topcoat  and  primer  occurs  over  essentially  the  entire  removal  area,  which  is 
acceptable  with  aluminum  substrates.  Veiy  small  pieces  of  primer  and  sometimes 
topcoat  remained  sporadically  over  the  removal  surface.  The  surface  of  the 
aluminum  did  not  appear  to  be  damaged.  Overall,  the  Cold  Jet  system  demonstrated 
the  ability  to  remove  the  topcoat  and  primer  without  damaging  the  substrate,  but  did 
not  remove  the  paint  with  the  required  rates. 

Our  analysis  was  subsequently  discussed  with  Cold  Jet,  and  we  decided  that  an 
additional  trial  should  be  performed  to  optimize  the  operating  parameters,  particularly 
with  epoxy-graphite  composites.  Feed  rate,  blasting  pressure  and  rate  of  traversing 
are  the  key  parameters  to  be  optimized.  Cold  Jet  reported  that  their  work  with 
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composite  materials  supplied  by  Boeing  required  a  fairly  extensive  parameter  study  to 
arrive  at  the  proper  operating  conditions,  and  that  upon  completion  of  the  work, 
excellent  results  were  achieved. 

In  regard  to  the  low  stripping  rates.  Cold  Jet  indicated  that  the  use  of  a  wider  (up-to- 
4-inches)  nozzle  and  the  optimization  of  blasting  parameters  should  improve  the 
rates. 

Subsequently,  Cold  Jet  Inc.  performed  a  paratiwter  study  on  two  1-foot  by  2  1/2-foot 
graphite-epoxy  composite  panels  which  had  been  coated  on  both  sides.  Cold  Jet 
determined  that  the  best  parameters  for  stripping  these  panels  were  200  psig  air 
pressure.  90°  blast  angle,  and  approximately  a  2-inch  standoff  distance.  A  hand-held. 
25-inch  by  180-inch  nozzle  was  used. 

Using  these  parameters,  a  square-foot  area  of  the  panel  was  stripped  in  approximately 
3  minutes,  producing  a  stripping  rate  of  0.33  ft^/minute.  The  process  was  completely 
unable  to  terminate  stripping  in  the  primer  layer.  Damage  to  the  resin-rich  layer  of 
the  composite  was  significant,  although  the  "weave-pattern"  was  sdll  visible  in  areas 
(Figure  3.2-1).  Penetration  to  the  fibers  occurred  in  many  areas,  and  in  a  few  areas 
delaminadon  of  plies  was  evident.  The  use  of  these  operadng  parameters  reduced  the 
damage  to  the  composite  (compared  to  earlier  trials),  but  the  control  of  this  process 
on  graphite-epoxy  composites  is  sdll  very  questionable  and  appears  unsuitable.  In 
addition,  the  surface  was  quite  rough,  typically  2.0  microinches  RMS. 

Conclusions 

The  Cold  Jet  CO2  pellet  blasting  system  has  been  able  to  successfully  remove  the 
topcoat  and  primer  from  aluminum  panels.  However,  the  system  has  not  been  able  to 
successfully  remove  coatings  from  graphite-epoxy  composites.  At  this  point,  it  does 
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Figure  3J-1  Carbon  Dioxide  Pellet  Blasting 


not  appear  feasible  to  use  this  system  on  epoxy-graphite  composite  components  on 
aircraft. 


3.3  Excimer  Laser  Paint  Stripping 

The  use  of  excimer  lasers  to  strip  painted  surfaces  is  an  innovative  approach  to  laser 
paint  removal.  Numerous  reports  in  the  literature  describe  previous  studies  of  laser 
paint  stripping,  especially  with  infrared  lasers  based  on  CO2  and  Nd:  YAG^'^^ 
Excimer  lasers  are  pulsed  lasers  which  operate  in  the  ultraviolet  region  of  the 
spectrum  (400  •  2(X)  nm).  As  a  result,  they  are  capable  of  removing  coatings  with  a 
minimal  amount  of  heating  and  a  high  degree  of  precision.  The  mechanisms  by 
which  excimer  lasers  remove  coatings  is  known  as  ablation.  Ablation  is  the  high 
level  of  absorption  of  UV  energy  by  very  thin  layers  (0.1  to  0.5  pm)  of  organic 
materials  and  the  subsequent  decomposition  and  ejection  of  these  layers  from  the 
bulk  material.  Because  this  is  not  primarily  a  thermal  mechanism,  local  temperature 
increases  and  charring  is  minimized.  Excimer  lasers  typically  operate  at  peak  power 
levels  of  about  230  watts,  although  more  powerful  laser  systems  are  being  developed. 
The  wavelength  of  the  light  beam  emitted  by  the  excimer  laser  is  determined  by  the 
type  of  gas  that  the  system  is  using.  Typical  wavelengths  are  F2  (157  nm),  ArF  (193 
nm),  KrCI  (222  nm),  KrF  (248  nm),  XeQ  (308  nm),  and  XeF  (351  nm).  Material 
removal  efficiency  is  greatly  affected  by  the  wavelength,  pulse  rate,  and  fluence  level 
of  the  laser.  Fluence  level  is  the  amount  of  energy  per  unit  area  which  is  delivered 
by  each  pulse  of  the  laser  to  the  removal  surface.  Each  material  surface  possesses  its 
own  optimum  fluence  level  at  which  it  decomposes  and  ejects  (ablates)  from  the 
surface.  We  believe  that  operation  just  slightly  above  the  fluence  level  of  a  material 
will  provide  optimum  results  (i.e.,  effective  material  removal  with  minimal  surface 
heating). 

The  major  drawback  to  excimer  lasers,  at  this  lime,  is  their  relatively  low  removal 
rates.  Because  a  relatively  small  volume  of  material  is  removed  with  each  pulse. 
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many  pulses  are  required  to  remove  significant  amounts  of  material;  and  thus,  rates 
are  low.  However,  this  problem  could  be  solved  by  the  ongoing  development  of 
more  powerful  lasers. 

3.3.1  Industry  Survey 

The  objective  of  this  industry  survey  was  to  acquire  information  on  excimer  lasers 
and  their  potential  effectiveness  in  stripping  aircraft  coatings  from  composite 
materials.  Key  representatives  of  industrial  excimer  laser  manufacnirers  and  testing 
facilities  were  contacted  and  interviewed.  These  included  representatives  from 
Lambda  Physik,  Inc.;  Questek,  Inc.;  Lumonics,  Inc.;  XMR,  Inc.;  Oak  Ridge  National 
Laboratories;  General  Electric;  AVCD  Research  Laboratories;  and  Cymer.  Main 
topics  in  these  conversations  were  the  feasibility  of  using  excimer  lasers  to  strip 
coated  composite  panels,  existing  equipment  and  facility  capabilities,  and 
recommended  approaches  to  a  test  ^.ogram.  Overall,  a  general  agreement  of  views 
was  found.  Key  points  made  were: 

1.  Excimer  lasers  are  capable  of  removing  paint  from  aircraft  with  the  prec’sion 
required.  That  is,  the  polyurethane  topcoat  can  be  completely  removed,  and 
penetration  by  the  laser  would  terminate  within  the  epoxy  layer.  The  "waffle 
pattern"  on  the  surface  of  the  composite  may  create  a  problem;  however,  leveling 
of  the  surface  prior  to  the  primer  and  topcoat  application  would  alleviate  this 
problem. 

2.  The  ablation  mechanism  by  which  excimer  lasers  remove  material  would  create 
minimal  heating  and  charring.  As  a  result,  stress  effects  that  are  due  to  heating 
of  the  composite  panel  should  be  negligible. 

3.  Removal  rates  with  existing  excimer  laser  equipment  would  be  on  the  low  side. 
The  desired  1  fr/minutc  would  be  very  difficult  to  achieve.  Estimated  removal 


39 


■ 


rates  were  typically  below  O.S  ft^/minute  using  a  100-watt  excimer  laser.  Once 
operating  parameters  are  optimized,  the  rates  can  only  be  improved  by  using 
either  a  mote  powerful  laser  and/or  a  higher  pulse  rate. 

4.  Excimer  laser  equipment  is  comparable  in  price  to  CO2  laser  equipment. 
Currently,  the  maintenance  of  excimer  lasers  is  significantly  more  expensive. 

The  gases  used  with  excimer  lasers  are  expensive  and  need  recharging  at  times 
(Lambda  Physik  estimates  a  recharge  is  required  every  S  x  10^  pulses  with  their 
60-watt  laser).  This  typically  costs  about  $10,000  per  recharge. 

5.  Initial  testing  of  excimer  lasers  on  coated  composite  panels  should  be  performed 
in  an  applications  laboratory  in  a  two-phase  program.  First,  the  excimer  laser 
operating  parameters  (power  level,  energy  density,  wavelength,  pulse  rate,  etc.) 
would  be  optimized  for  stripping  of  the  polyurethane  topcoat.  Once  this  was 
accomplished,  actual  stripping  rates  could  be  determined.  Next,  coatings  could 
be  routinely  removed  from  composite  panel  for  mechanical  property  testing  and 
other  evaluations. 

6.  Manipulation  of  the  beam  to  provide  unifomi  paint  removal  should  be  easily 
accomplished  on  a  small  panel  in  a  laboratory  environment.  The  large  size  and 
irregular  shape  of  an  aircraft  would  be  much  more  difficult  to  strip  uniformly. 

7.  The  excimer  laser  system  required  to  strip  an  aircraft  would  have  to  be 
robotically  controlled.  Because  a  very  large  excimer  laser  would  be  required  to 
achieve  the  desired  stripping  rates,  it  would  not  be  very  mobile.  As  a  result,  the 
beam  delivery  system  would  be  the  manipulated  component  of  the  system.  This 
could  be  accomplished  by  the  use  of  robotically  controlled  beam  tubes  containing 
a  series  of  minors  and  lenses. 
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8.  Other  factore  of  concern  with  excimer  lasers,  as  well  as  the  other  types  of  lasers, 
are  toxicity  and  disposal  of  byproducts,  operator  safety,  and  the  sensitivity  of  the 
equipment 

9.  Implementation  of  an  excimer  laser  system  to  remove  paint  from  aircraft  is  long- 
range,  as  much  testing  needs  to  be  done,  and  equipment  (excimer  laser  of 
required  power  and  robodcs)  needs  to  be  developed. 

3.3.2  Initial  Composite  Panel  Paint  Stripping  Trials 

Questek 

A  coated  composite  panel  was  provided  to  Questek  for  preliminary  excimer  laser 

paint  removal.  Prior  to  the  stripping  trials,  the  following  key  points  were  made: 

1.  With  excimer  lasers,  the  substrate  is  of  little  importance,  as  far  as  its  effect  on 
material  removal,  because  material  is  removed  layer  by  layer. 

2.  Removal  rate  of  most  organic  materials  is  approximately  the  same.  Therefore, 
uniform  layers  of  material  will  be  removed  no  matter  if  the  layer  is  urethane 
topcoat,  epoxy  primer,  epoxy  matnx  resin,  or  a  combinadon  of  these.  However, 
the  pigment  volume  content  (PVC)  of  the  paint  may  affect  abladon  rate. 

3.  Excimer  laser  power  is  currendy  irx)re  difficult  to  scale-up  than  a  CO2  laser. 
Presendy,  the  power  cap  is  around  150  watts.  Questek  believes  it  is  unlikely  that 
excimer  lasers  will  be  produced  with  power  in  excess  of  1  KW. 

4.  The  UV  absorpdon  characterisdcs  of  the  coated  composite  panel  need  to  be 
considered  as  part  of  a  systemadc  evaluadon. 
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5.  Excimer  lasers  are  commonly  used  for  pumping  dye  lasers,  research,  medical 
(ophthalmology)  applications,  material  processing,  and  as  marking  devices. 

Initial  paint  removal  trials  were  undertaken  in  Questek’s  applications  lab.  The 
excimer  laser  used  was  a  (^estek  2000.  It  has  a  maximum  power  ouq>ut  of  about 
75  watts.  However,  it  operates  continuously  at  SO  watts. 

This  laser  has  six  gas  sources  which  operate  at  different  wavelengths:  F2  (157  nm), 
ArF  (193  nm),  KiCl  (222  nm),  KxF  (248  nm),  XeCl  (308  nm),  and  XeF  (351  nm). 
Each  gas  type  has  a  different  supply  life  (e.g.,  KrF  *  2*3  days,  XeCl  •>  1  week) 
before  a  recharge  is  necessary. 

The  excimer  laser  works  by  mask  imaging-that  is,  the  beam  is  projected  through  an 
opening,  the  geometry  and  size  of  which  determines  the  geometry  and  size  of  the 
footprint.  The  beam  first  passes  through  a  focusing  lens,  then  the  mask,  then  two 
more  focusing  lenses,  and  finally  onto  the  panel.  A  secondary  beam  of  visible  light 
from  a  neon-argon  laser  is  used  to  align  the  optics  and  focus  the  beam. 

The  laser  itself,  its  power  source,  and  all  other  subsystems  are  contained  in  a  housing 
approximately  2  feet  tall  by  3  feet  wide  by  5  feet  long.  Once  the  beam  leaves  the 
housing,  it  travels  through  a  series  of  lenses  which  are  appropriately  positioned  on  an 
optical  bench.  The  optical  bench  is  mounted  on  an  "air”  table  which  minimizes 
vibration. 

The  panel  was  placed  in  a  holder  on  a  programmable  x-y  stage.  The  panel  was  then 
properly  positioned  in  ^nt  of  the  laser  by  operation  of  the  stage.  The  mask  imager 
was  adjusted  to  deliver  a  footprint  of  0.1  inch  by  0.2  inch  -  the  maximum  footprint 
attainable  with  this  set-up  was  0.2  by  0.4  inch.  Mask  size  was  about  1/4  inch  by 
1/2  inch.  A  krypton  fluoride  laser  operating  at  248  nm  was  used  in  this  trial. 
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Test  1 

The  first  test  was  perfomied  at  1  pulse  per  second,  so  that  removal  could  be  closely 
monitored.  Each  pulse  created  a  microexplosion  at  the  surface  of  the  composite  and 
a  blue  plasma,  and  small  amounts  of  smoke  were  generated. 

’A' 

The  laser  was  allowed  to  fire  10  pulses,  and  then  an  obseivadon  of  the  material  was 
made  through  an  optical  microscope.  It  was  ob\ious  that  topcoat  was  b^g  removed 

'  ,  ’  ''ll 

in  a  very  exact  manner  (rectangular  shape  imd  very  sharp  edges).  ' 

The  laser  was  then  allowed  to  run  until  the  yellow  primer  first  became  evident  (about 
70  pulses).  At  this  point,  the  removal  process  was  viewed  through  the  microscope. 
With  each  pulse,  more  and  more  primer  became  visible.  The  process  was  stopped 
after  about  100  pulses,  and  the  surface  was  about  95%  free  of  any  topcoat.  Only 
very  small  dots  of  topcoat  remained,  primarily  in  the  "valleys"  of  the  composite’s 
waffle-pattern.  (See  Figure  3.3.2-1) 

The  excimer  laser  removes  all  types  of  organic  material  with  essentially  the  same 
amount  of  depth  of  penetration.  If  there  is  topcoat  below  a  peak  in  the  composite 
material  (waffle  pattern),  the  part  of  the  peak  higher  than  the  topcoat  will  be  removed 
if  all  the  topcoat  is  removed-that  is,  the  excimer  laser  penetrates  layer  by  layer  with 
minimal  material  differentiation. 

At  greater  than  60  repetitions,  a  dark  ring  of  soot  became  visible  around  the  outside 
of  the  rectangle  of  removed  material.  This  soot  could  be  easily  removed  with  a  light 
scrape.  Similar  soot  deposits  have  been  reported  previously.'*^ 

Each  laser  pulse  had  a  power  of  about  400  mj/pulse  as  it  left  the  equipment.  It  was 
estimated  that  about  70  mJ  reach  the  surface  of  the  panel,  because  of  the  masking 
and  reflection  at  the  lenses. 
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Figure  3,3.2-I  Questek  -  Test  1 
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Test  2 

The  pulse  rate  was  20  Hz,  and  the  entire  exposure  was  approximately  S  seconds. 
Results  were  essentially  the  stjne  as  Test  1. 

Testa 

The  pulse  rate  was  50  Hz,  and  the  exposure  time  was  about  2  seconds.  ResulL<;  were 

essentially  the  same  as  Test  1. 

1  ** 

Test  4 

The  removal  perfonned  on  this  area  was  to  demonstrate  what  would  happen  if  the 
laser  was  held  slightly  too  long  in  one  posidon.  It  was  accomplished  by  using  a 
pulse  rate  of  SO  Hz  and  exposure  dmc  of  about  3  seconds.  Epoxy-graphite  composite 
material  was  clearly  visible  in  ateut  50%  of  the  exposed  area.  Depth  of  penetradon 
appeared  constant  along  the  surface  of  this  area.  (See  Figure  3.3.2-2) 

Test  5 

This  test  was  done  with  the  intendon  of  going  well  past  the  epoxy  layer  and  into  the 
composite  material.  It  was  accomplished  at  50  Hz  with  a  4-  to  S-second  exposure. 
Material  removal  appeared  uniform,  and  penetradon  was  into  the  first  layer  of  fibers. 
(Sec  Figure  3.3.2-3) 

Figure  3.3.2-4  shows  all  five  test  areas. 

Power  Level  and  Removal  Rate 

A  pulse  rate  of  100  Hz  would  require  about  7  watts.  Therefore,  with  a  70  W  laser, 
about  10  dmes  this  amount  could  be  done  cvciy  second.  The  size  of  the  rectangle  is 
approximately  0.1  inch  by  0.2  inch.  It  was  also  estimated  that  with  all  parameters 
(wavelength,  image  size,  optics,  etc.)  optimized,  it  would  be  possible  to  double  the 
removal  rate.  This  would  provide  a  semoval  rate  of  about  0. 17  fi^/roinutc. 


t.'  < 
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Figure  33.2-2  Questck  •  Test  4 
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Figure  3J.2-4  Questefc  -  Tests  1-5 


Questek  observed  that  at  this  time,  excimer  lasers  may  not  be  feasible  for  stripping 
an  entire  airplane  but  may  be  very  useful  for  specific  "hard-to-strip"  or  "delicate" 
areas  and  pans.  Waste  products  should  be  similar  to  those  from  paint  removal 
operations  using  a  CO2  laser. 

Safety 

Eye  protection  is  needed  at  all  times.  Skin  should  be  protected  when  working  with 
an  excimer  laser  for  long  periods  of  time  (more  than  1  or  2  hours).  "Sunburns"  can 
result  from  indirect  exposure.  A  quick  direct  exposure  would  probably  be  harmless. 
However,  if  human  tissue  were  held  in  front  of  the  beam,  it  would  be  removed  at 
about  the  same  rate  as  the  topcoat. 

Overall,  the  precision  of  the  excinwi  iaser  was  exceptional.  No  method,  observed  to 
date,  has  possessed  the  control  and  precision  of  an  excimer  laser.  Removal  rates  are 
on  the  low  side.  Leveling  of  the  composite  surface  prior  to  primer  and  topcoat 
application  would  provide  excimer  lasers  the  capability  to  terminate  stripping  without 
penetrating  into  the  composite. 

Lumonics 

Lumonics  performed  paint  removal  trials  using  their  Index  200  excimer  laser  • 

Model  200-K.  The  gas  used  was  krypton  fluoride  (248  nm),  power  was  50  watts, 
energy  per  pulse  was  250  mJ,  pulse  repetition  rate  was  200  pulses/second,  and 
footprint  size  was  2  mm  by  6  mm. 

The  panel  was  mounted  in  the  MPS  1(X)  machining  center.  The  panel  was 
continuously  moved  in  the  MPS  100  according  to  a  computer  program  which  is 
capable  of  exposing  areas  of  the  panel  to  a  specified  number  of  pulses.  (Overlap  of 
footprints  does  occur.) 
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The  beam  size  is  8  mm  by  25  mm;  for  this  work  the  beam  was  "imaged"  down  to  2 
mm  by  6  mm.  Two  passes  across  the  panel  with  each  pulse  setting  were  made. 

Observations  of  Stripped  Panel 

The  desired  number  of  pulses  is  between  SO  and  70  pulses.  At  SO  pulses,  the  bulk  of 
the  topcoat  was  removed.  After  SO  pulses,  a  singeing  phenomena  began  to  occur  in 
the  epoxy  primer  layer  and  became  increasingly  evident  as  the  number  of  pulses  was 
increased.  The  singeing  effect  was  best  visualized  in  an  area  of  the  panel  which  was 
exposed  to  100  pulses.  In  this  area,  we  were  able  to  scrape  off  the  singed  material 
and  expose  the  yellow  epoxy  primer.  Removal  tends  to  be  at  a  maximum  in  the 
center  of  stripes,  with  material  removal  at  edges  to  a  somewhat  lesser  degree.  Slight 
penetration  into  the  composite  material  has  occurred  after  50  pulses.  The  amount  of 
exposed  composite  material  increases  (rather  slowly)  with  an  increasing  number  of 
pulses. 

In  regards  to  the  panel,  Lumonics  found  it  "easy"  to  work  with.  They  said  there  are 
essentially  three  ways  to  improve  rates: 

1.  Decrease  the  topcoat  thickness 

2.  Increase  the  laser  power 

3.  Use  more  than  one  laser  (in  parallel). 

Lumonics  believed  the  nonuniformity  in  coating  removal  is  due  to  unevenness  in  the 
coating  thickness.  They  felt  that  the  beam  was  very  uniform  and  was  not  the 
problem  source. 

Lumonics  also  felt  that  the  removal  rate  of  the  urethane  and  epoxy  may  be  somewhat 
different,  which  was  why  the  epoxy  layer  is  singeing.  That  is,  at  this  fluence  level, 
the  excimer  laser  was  unable  to  ablate  the  epoxy  primer  with  the  same  effectiveness 
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as  the  urethane  topcoat.  They  felt  the  excimer  laser  was  operating  fairly  close  to 
optimum. 

Actual  removal  rate:  0.03  ftVminute. 

Oak  Ridge  National  Laboratories 

The  Oak  Ridge  National  Laboratories  (ORNL)  which  is  operated  by  Martin  Marietta 
Energy  Systems,  Inc.,  performed  stripping  operations  over  a  6"  x  6"  area  of  a  coated 
composite  panel.  Their  Questek  Model  2000  excimer  laser  was  used  at  a  wavelength 
of  248  nm  (krypton  fluoride)  and  an  initial  energy  level  of  300  mJ.  The  beam 
profile,  which  was  originally  3/4"  x  1/2",  was  reduced  to  a  footprint  size  of 
3/4"  X  0.01"  upon  focusing  through  a  4-inch  focal  length  cylindrical  lens.  After 
several  trial  runs  to  adjust  laser  energy  and  the  desired  number  of  pulses,  it  was 
established  that  30  pulses  were  required  to  strip  to  the  level  of  the  epoxy  primer. 

Tne  pulse  rate  used  was  30  Hz. 

The  panel  was  moved  manually  in  front  of  the  beam.  As  a  result,  the  stripping 
process  took  considerably  longer  than  if  the  panel  was  automatically  and  continually 
manipulated.  The  calculated  removal  rate  was  0.003  ftVminute,  while  the  actual  was 
about  half  of  this  amount.  This  was  due  to  the  hand  manipulation  of  the  panel  and 
the  time  required  to  adjust  for  drift  in  the  laser  power. 

Overall,  the  level  of  penetration  through  the  topcoat  and  into  the  primer  appears 
appropriate.  The  main  problem  was  inability  to  accurately  overlap  the  footprints 
because  of  the  hand  manipulation  of  the  p£..cl.  Areas  of  unremoved  topcoat  were 
visible  in  many  areas  of  the  panel.  We  believe  that  much  of  this  unremoved  topcoat 
could  be  eliminated  with  an  exacting  panel  manipulator.  Several  dark  areas  are  also 
apparent  where  the  stripping  process  has  gone  too  far  and  penetrated  into  the 
composite  panel.  These  areas  were  very  obvious  to  the  naked  eye  and  were  also 
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probably  caused  as  a  result  of  inaccurate  movement  of  the  panel.  The  Lumonics 
panel  also  noticed,  to  a  minor  degree,  singeing  in  the  epoxy  layer.  This  singeing 
effect  seems  to  be  a  result  of  ineffective  removal  of  primer.  That  is,  the  fluence 
level  being  used  works  well  v/ith  the  urethane  topcoat,  but  is  less  effective  in  the 
epoxy  primer.  This  phenomenon  may  make  the  termination  of  stripping  in  the  epoxy 
layer  easier  to  accomplish. 

ORNL  reports  that  the  laser  produced  a  luminous  plume  which  was  bright  yellow- 
white  while  removing  topcoat.  If  the  laser  repetition  rate  was  slowed  and  the 
observer  viewed  the  plasma  through  a  slit  to  attenuate  the  intensity,  the  plasma 
changed  color  to  a  reddish-pink  when  the  laser  penetrated  into  the  primer.  This  may 
provide  one  basis  for  a  feedback  control  mechanism.  ORNL  estimates  that  0.07  mils 
of  paint  was  removed  per  pulse.  Thus,  if  this  same  level  were  maintained  in  the  0.6- 
to  0.9-mil  primer  layer,  as  few  as  10  extra  laser  shots  could  cause  penetration 
through  the  primer.  This  points  to  the  need  for  good  process  control  or  perhaps  a 
thicker  primer. 

Finally,  ORNL  points  out  that  their  calculated  removal  rate  can  be  easily  improved 
by  operating  at  a  higher  energy  level  and  repetition  rate.  For  example,  if  a  400-mJ 
laser  operated  at  600  Hz  (lasers  capable  of  these  settings  are  available),  the  stripping 
rate  would  be  improved  to  0.21  ft^/minute,  all  other  factors  being  equal. 

XMR,  Inc. 

XMR  is  a  manufacturer  of  high-power  excimer  lasers.  They  currently  have  a 
ISO-watt  (300-mJ/pulse,  500-Hz)  laser  commercially  available,  and  development  of  a 
250-watt  (800-mJ/pulse,  3(X)-Hz)  laser  was  finalized  in  late  1989.  XMR  was  recently 
acquired  by  Amoco  Technology  Company.  As  such,  they  have  gained  access  to  the 
laboratories  at  the  Amoco  Laser  Company  in  Naperville,  Illinois.  At  these 
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laboratories,  optimized  parameters  for  the  processing  of  specific  materials  with 
excimer  lasers  are  determined  and  the  behavior  of  these  materials  characterized. 


XMR  is  also  involved  in  a  joint  venture  with  Siemens  to  develop  high-performance 
excimer  lasers.  Because  XMR  has  developed  high  pulse  rate  lasers  with  somewhat 
lower  power/pulse  and  Siemens  has  developed  high  power/pulse  lasers  with  lower 
pulse  rates,  we  hope  that  a  combined  effort  will  result  in  high  pulse  rate,  high 
power/pulse  lasers. 

XMR  felt  that  excimer  lasen  offer  strong  potential  for  our  application,  especially 
with  the  current  direction  toward  more  powerful  excimer  laser  systems. 

XMR  has  performed  various  paint  removal  trials  on  a  coated  composite  panel.  Using 
their  Model  3100,  130- watt  excimer  laser  at  a  wavelength  of  308  nm  (XeCl)  and  a 
pulse  rate  of  300  Hz.  The  beam  was  projected  to  the  sample  using  a  3-mirror  beam 
delivery  system.  The  panel  was  manipulated  horizontally  at  a  speed  of  3  inches  per 
second  on  an  x-y  table.  Initial  testing  was  performed  to  determine  the  fluence  level 
at  which  acceptable  ablation  occurred.  Poor  ablation  occurred  at  fluence  levels  of 
0.04,  0.31,  and  0.37  Joules/cm^,  while  good  ablation  occurred  at  0.73  Joules/cm^. 

This  setting  was  used  for  subsequent  trial  work.  It  required  approximately  80  pulses 
to  penetrate  tnrough  the  urethane  topcoat  and  terminate  within  the  epoxy  layer. 

Once  these  workable  parameters  were  determined,  XMR  initiated  stripping  efforts 
over  larger  areas  of  the  panel.  Initially,  80  passes  over  one  horizontal  strip 
(approximately  1/4"  wide  by  6"  in  length)  were  made,  and  then  the  panel  was 
manipulated  vertically  to  the  next  strip.  This  tended  to  leave  lines  of  unremoved 
topcoat  at  the  top  and  bottom  of  each  strip.  Therefore,  XMR  decided  to  slowly 
(0.009  inches/pass)  move  the  panel  vertically  with  each  pass.  Results  were  excellent. 
The  ability  of  this  system  to  stop  within  the  epoxy  layer  was  outstanding 
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(Figure  3,3.2-5).  Some  areas  did  exist  where  removal  of  topcoat  was  incomplete. 
XMR  explains  that  this  was  more  than  likely  the  result  of  a  deviation  in  the  original 
coating  thickness  of  the  polyurethane  topcoat  (depth  of  penetration  by  the  excimer 
laser  is  very  uniform).  Very  minimal  (only  at  the  very  peaks  of  the  waffle  pattern) 
penetration  into  the  gel  coat  of  the  composite  occurred.  It  was  also  suggested  that  a 
vision  system  should  further  improve  control.  Estimated  trial  stripping  rates  were 
quite  good  at  0.30  ftVminute.  However,  XMR  feels  there  is  room  for  considerable 
improvement  for  the  following  reasons: 

1.  Laser  settings  were  not  optimum,  but  were  effective  enough  to  demonstrate  initial 
feasibility. 

2.  Increased  pulse  rates  of  500  Hz  or  more  could  be  used. 

3.  The  development  of  more  powerful  lasers,  which  is  the  general  direction  of  the 
excimer  laser  industry,  would  significantly  improve  this  rate. 

A  final  experiment  was  conducted  on  the  back  or  uncoated  side  of  the  composite 
panel.  Here,  XMR  removed  a  single  strip  of  composite  material  using  10  pulses  of 
penetration.  Observations  under  a  microscope  showed  that  penetration  through  the 
gel  coat  and  into  the  fibers  had  occurred.  This  indicates  that  at  this  fluence  level,  the 
excimer  laser  ablates  the  composite’s  matrix  resin  readily. 

Overall,  XMR  concluded  that  excimer  laser  ablation  of  paint  from  an  epoxy-graphite 
composite  material  appeared  to  work  well.  The  termination  of  stripping,  in  areas  of 
the  panel  which  were  stripped  at  a  fluence  level  of  0.75  Joules/cnF,  was  able  to  be 
accomplished  without  penetration  into  the  fibers.  This  was  verified  by  inspection 
using  a  microscope  at  50X  magnification.  Based  upon  these  preliminary  steps,  the 
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Figure  3.3.2-5  XMR  Laser  Stripping  Area  11 
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process  appeared  feasible.  Figure  3.3.2*6  shows  the  various  testing  trials  performed 

on  graphite-epoxy  panel. 

Avco  Research  Laboratories 

A  meeting  was  held  with  representatives  of  the  Avco  Research  Laboratory  (Everett, 

Massachusetts).  Avco  presented  their  views  on  an  excimer  laser  paint  stripping 

system.  The  key  points  were: 

•  Cost  is  a  significant  factor,  as  the  equipment  Gaser,  delivery  system,  robotics, 
vision  system,  etc.),  the  work  to  integrate  this  equipment,  and  the  overall  research 
effon  will  be  expensive. 

•  Lasers  are  capable  of  performing  the  desired  level  of  paint  stripping.  The  major 
task  required  is  to  assemble  the  appropriate  system.  Funcdonally,  the  key 
component  of  this  system  will  be  the  development  of  a  suitable  work  head  with 
vision  sensor. 

•  The  absorption  depth  of  an  excimer  laser  pulse  is  lower  than  that  of  a  CX)2  laser. 
Therefore,  the  fluence  level  of  each  pulse  will  be  lower.  However,  the  overall 
energy  required  to  remove  the  topcoat  will  be  the  same. 

•  In  scanning  the  surface  of  a  paint  removal  surface,  the  overlap  of  footprints  will 
be  a  crucial  factor. 

•  In  terms  of  cost,  the  robotics  for  the  excimer  laser  paint  stripper  will  be  the  most 
expensive,  followed  by  the  laser,  and  then  the  vision  sensor.  The  least  expensive 
portion  of  the  program  will  be  the  integration  of  these  components. 
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Figure  33.2-6  XMR  Stripping  Areas  1  +  2 


•  An  evaluation  of  the  byproducts  of  the  stripped  materials  should  be  performed,  so 
that  they  can  be  handled  properly. 

•  Aluminum  will  absorb  varying  amounts  (20%  •  40%)  of  the  excimer  laser 
energy,  depending  on  the  wavelength  of  light  used.  An  evaluation  of  the  excimer 
laser’s  effect  on  aluminum  should  be  performed. 

Finally,  Lambda  Physik  of  Germany  is  currently  building  a  500- watt,  1.6- Joule, 
300*Hz  excimer  laser  for  use  in  a  large  European  project.  This  is  very  encouraging 
news,  as  a  laser  of  this  size  would  greatly  increase  stripping  rates.  (The  largest 
currently  available  commercial  excimer  laser  is  in  the  vicinity  of  250  watts.)  If 
stripping  rate  is  a  linear  relationship  with  laser  power.  Lambda  Physik’s  original 
estimate  of  0.32  ft^/minute  with  a  100  watt,  200  Hz  laser  would  be  improved  to  2.4 
ft^/minute.  Martin  Marietta  maintains  that  the  removal  rate  is  proportional  to  the 
square  of  laser  energy  and  their  results  could  be  improved  to  1.5  ftVminute  with  this 
1.6- Joule  laser  working  optimally.  Using  these  estimates  with  two  lasers  working  in 
parallel,  excimer  laser  paint  removal  could  be  accomplished  at  3  to  5  ftVminute. 

3.3.3  Conclusions  from  Initial  Trials 

1 .  The  ability  of  excimer  lasers  to  perform  paint  stripping  with  the  desired  amount 
of  control  is  superior  to  any  other  removal  system  observed  to  date.  These  lasers 
arc  very  capable  of  removing  a  very  high  percentage  of  topcoat  with  very 
minimal  penetration  through  the  epoxy  primer.  Any  penetration  through  the 
epoxy  primer  is  confined  to  the  very  outermost  surface  of  the  gelcoat  of  the 
epoxy-graphite  composite  -  no  damage  to  fibers  has  been  observed. 

2.  Stripping  rates,  at  this  time,  arc  very  low,  but  higher  rates  may  be  obtainable. 
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3.  The  ablation  mechanism,  by  which  excimer  lasers  lemove  material,  creates 
minimal  heating.  As  a  result,  stress  effects  on  the  composite  that  are  due  to 
heating  are  minimized. 

4.  The  excimer  laser  operating  parameters  (fluence  level,  wavelength,  pulse  rate, 
etc.)  need  to  be  optimized  for  removal  of  polyurethane  topcoat. 

5.  Mechanical  property  testing  needs  to  be  performed  to  verify  that  no  structural 
damage  is  occurring  to  the  composite.  This  will  involve  topcoat  stripping  over 
the  majority  of  the  surface  area  of  6"  x  12"  composite  panels. 

6.  Excimer  lasers  remove  material  very  uniformly,  layer  by  layer.  Therefore,  a 
significant  irregularity  in  the  coating  thickness  or  substrate  surface  can  create  a 
stripping  problem.  The  "waffle"  pattern  of  the  composite  surface  is  one  such 
irregularity.  However,  the  0.6-  to  0.9-mil  epoxy  primer  layer  serves  as  a  buffer 
to  minimize  penetration  into  the  gelcoat  of  the  composite.  Leveling  of  the 
composite  surface  prior  to  primer  and  topcoat  applications  should  funher 
minimize  this  problem. 

Utilization  of  a  vision  system  is  a  potential  solution  to  the  nonuniform  coating 
thickness  problem  (because  of  nonuniform  coating  application,  variation  in  the 
number  of  coats  of  paint,  etc.).  Since  the  epoxy  primer  and  the  urethane  topcoat 
are  typically  significantly  different  in  color,  this  could  be  used  as  the  visual 
indicator  to  terminate  stripping.  Another  potential  visual  indicator  is  the  change 
in  color  of  the  luminous  plume  produced  during  excimer  laser  stripping.  Manin 
Marietta  reported  that  the  plume  is  yellow-white  when  removing  topcoat  and 
becomes  a  reddish-pink  upon  reaching  the  epoxy  primer.  This  change  in  color 
could  be  due  to  the  different  pigments  in  the  primer  and  topcoat. 
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7.  Equipment  cost  of  exciiner  lasers  are  con^aiable  in  price  to  (CX)2  laser 
equipment  However  the  maintenance  costs  are  significantly  higher. 


8.  The  exciiner  laser  system  required  to  strip  an  aircraft  would  be  large  and  require 
.robotic  manipulation.  Only  limited  movement  of  the  laser  would  be  possible. 
The  primary  manipulation  of  the  beam  would  be  done  with  a  mirror  and  lens 
system.  The  contour  of  the  aircraft  would  create  some  stripping  challenges. 


9.  Other  items  of  concern  with  excimer  lasers,  as  well  as  with  other  types  of  lasers, 
are  toxicity  and  disposal  of  by-products,  operator  safety,  and  equipment 
sensitiv;ty.  ^ 

10.  Implementation  of  an  excimer  laser  system  to  strip  aircraft  is  long-term. 


11.  Overall,  the  desired  level  of  control  in  stripping  urethane  topcoat  from  a 

composite  panel  has  been  demonstrated  using  excimer  lasers.  Although  stripping 
rates  are  currently  low,  significant  progress  is  being  made  to  develop  excimer 
laser  which  would  provide  reasonable  stripping  rates,  within  the  next  several 


years.  Excimer  lasers  appear  tp  offer  ^ai  pp^pDal  for  use  in  a  paint  stripping 
system  for  aircraft.  ■/  ;  ,  V 


3.3.4  Resonetics  Program 

As  a  result  of  the  promising  results  in  the  initial  study,  it  was  determined  that  a  more 
in-depth  investigation  should  be  performed  to  determine  actual,  achievable  stripping 
rates,  the  effect  of  the  laser  on  each  of  the  individual  components  of  the  system,  and 
the  effect  of  the  laser  on  mechanical  properties  of  the  graphite-epoxy  composite.  The 


fu^t  step  in  this  process  was  to  identify  the  proper  OTganizatipn  to  untler^e  this 
study.  '•  ' 


It 
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7.  Equipment  cost  of  excimer  lasers  are  comparable  in  price  to  (CO2  laser 
equipment.  However  the  maintenance  costs  are  significantly  higher. 

8.  The  excimcr  laser  system  required  to  strip  an  aircraft  would  be  large  and  require 
robonc  manipulation.  Only  limited  movement  of  the  laser  would  be  possible. 

The  primary  manipulation  of  the  beam  would  be  done  with  a  mirror  and  lens 
system.  The  contour  of  the  aircraft  would  create  some  stripping  challenges. 

9.  Other  items  of  concern  with  excimcr  lasers,  as  well  as  with  other  types  of  lasers, 
are  toxicity  and  disposal  of  by-products,  operator  safety,  and  equipment 
sensitivity. 

10.  Implementation  of  an  cxcimer  laser  system  to  strip  aircraft  is  long-term. 

1 1 .  Overall,  the  desired  level  of  control  in  stripping  urethane  topcoat  from  a 
composite  panel  has  been  demonstrated  using  excimer  lasers.  Although  stripping 
rates  are  currently  low,  significant  progress  is  being  made  to  develop  excimer 
laser  which  would  provide  reasonable  stripping  rates,  within  the  next  several 
years.  Excimer  lasers  appear  to  offer  great  potential  for  use  in  a  paint  stripping 
system  for  aircraft. 

3.3.4  Resonetics  Program 

As  a  result  of  the  promising  results  in  the  initial  study,  it  was  determined  that  a  more 
in-depth  investigation  should  be  performed  to  determine  actual,  achievable  stripping 
rates,  the  effect  of  the  laser  on  each  of  the  individual  components  of  the  system,  and 
the  effect  of  the  laser  on  mechanical  properties  of  the  graphite-epoxy  composite.  The 
first  step  in  this  process  was  to  identify  the  proper  organization  to  undertake  this 
study. 
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A  meeting  at  Lambda  Physik  (Acton,  Massachusetts)  to  discuss  this  work  indicated 
that  Resonetics  (Nashua,  New  Hampshire),  an  excimer  laser  job  shop,  was  an 
appropriate  source.  Interestingly,  representadves  at  Lambda  Physik  also  stated  that 
the  ablation  of  graphite  with  the  excimer  laser  should  occur  much  more  slowly  and 
require  higher  fluences  than  the  polymeric  materials. 

Resonetics  is  an  excimer  laser  job  shop  which  typically  performs  feasibility  testing 
and  high-volume  material  processing  operations.  They  possess  two  excimer  lasers  to 
perform  this  work.  In  addition,  Resonetics  also  designs  and  builds  excimer  laser 
systems  for  specific  applications.  Using  purchased  lasers,  they  customize  and 
improve  the  operating  efficiency  of  the  excimer  laser  for  a  particular  application. 
This  includes  the  incorporation  of  the  beam  delivery  system,  optics,  gas  recovery 
system,  and  waste  recovery  system.  Resonetics  frequently  utilizes  t^eir  CAD/CAM 
system  to  develop  such  systems. 

The  staff  at  Resonetics  was  very  knowledgeable  about  the  entire  excimer  laser 
industry,  and  had  prior  experience  in  laser  paint  removal  with  carbon  dioxide  "T" 
lasers.  They  fully  believed  that  excimer  lasers  can  provide  the  degree  of  control 
necessary  to  strip  paint  from  composites  and  that  the  yellow  primer  will  serve  as  a 
very  effective  flag  for  the  termination  of  stripping.  For  the  stripping  of  composite 
panels,  a  very  uniform  beam  should  be  used,  scanning  effects  should  be  watched 
closely,  and  material  heating  monitored.  At  frequencies  higher  than  30  Hz,  heating 
could  result  if  scanning  is  not  done  properly  (heat  must  dissipate).  If  necessary,  air 
cooling  can  be  easily  incorporated  to  minimize  heating.  He  felt  that  the  excimer 
laser  powerful  enough  to  strip  aircraft  at  the  desired  rate  was  5  tc  10  years  from 
commercializa'ion. 

The  following  points  we^e  aiso  added: 
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•  The  fluence  level  used  to  effectively  strip  the  urethane  topcoat  probably  will  not 
be  powerful  enough  to  do  significant  damage  to  the  graphite  fibers. 

•  Leveling  the  composite  surface  prior  to  coating  will  help  minimize  penetration 
into  the  composite. 

•  In  regard  to  potential  protective  coating  systems,  epoxy  and  u  >'  le  coatings 
filled  with  various  pigments  should  be  evaluated,  as  color  is  a  key  factor  in  the 
degree  to  which  a  material  accepts  light.  As  a  result,  material  removal  rates  may 
differ  drastically. 

The  following  three*step  program  was  to  be  undertaken  by  Resonetics; 

1.  Using  coated  composite  panels,  determine  the  effective  stripping  parameters  for 
removal  of  the  polyurethane  topcoat.  Of  primary  importance  was  the  optimization  of 
the  fluence  level. 

2.  Using  the  parameten  identified  in  Step  1,  strip  three  6"xI2"  composite  panels  to 
the  primer  level,  strip  one  6"xl2"  composite  panel  using  double  the  number  of  pulses 
to  effectively  remove  the  topcoat  and  terminate  stripping  at  the  primer  level,  and  strip 
one  6''xl2 "  omposite  panel  using  triple  the  number  of  pulses  to  effectively  remove 
the  topcoat  and  terminate  stripping  at  the  primer  level.  These  panels  were 
subsequently  used  in  mechanical  property  evaluations. 

Using  specially  prepared  samples,  determine  the  optimum  fluence  levels  for  each 
of  the  Individual  components  of  the  system  '•  epoxy  primer,  epoxy  matrix  resin,  and 
graphite  fibers.  Subsequently,  expose  each  of  tl  eae  individual  components  using  the 
optimum  fluence  level  for  tl  •’'''vurcthanc  iop»  w 


•t 


In  the  first  step  of  the  Resonedcs  program,  key  excimer  laser  stripping  parameters  • 
fluence  level,  pulse  rate,  optical  configuradon,  and  removal  rates  •  were  determined. 
A  7SW  laser  was  used  in  this  evaluadon.  By  varying  the  fluence  level  and  carefully 
measuring  the  amount  of  topcoat  being  removed,  the  optimum  fluence  level  was 
found  to  be  1.5J/cm^  (See  Figure  3.3.4- 1).  It  took  approximately  150  pulses  to 
remove  the  topcoat  at  3(X)  pulses  per  second.  The  removal  was  performed  through  a 
3(X)-mm  cylindrical  lens  and  a  removal  rate  of  0.(X)7  square  feet  per  minute  was 
calculated. 

Step  2  of  this  program  involved  the  stripping  of  five  6-inch  x  12'inch  composite 
panels  for  mechanical  property  evaluadon.  The  panels  were  stripped  using  a  75-watt, 
KrF  (248-nm)  excimer  laser  at  a  fluence  level  of  1.5  J/cm^  and  a  pulse  rate  of  150 
iz.  A  l(X)-mm  cylindrical  lens  was  used  to  scan  the  panels  at  a  rate  of  4.5 
cm/'.sccond.  The  entire  surface  of  the  panels  were  stripped  to  the  following  levels: 
(Figure  3. 3.4. 2). 

Panel  1  •  Control 

Panel  2  •  This  is  a  12-ply,  0-90  panel  which  was  stripped  to  demonstrate  that  the 
proper  parameters  were  being  utilized.  The  panel  was  stiipped  to  the  epoxy  primer 
layer  '-omplete  topcoat  removal)  using  150  pulses  for  a  given  area  (Figure  3.3.4-3), 

Panel  3  •  This  is  a  16-ply,  0-90-45  panel  for  mechanical  property  evaluation.  The 
panel  was  stripped  to  the  epoxy  primer  layer  (complete  topcoat  removal)  using  150 
pulses  for  a  given  area. 

Panel  4  •  This  is  a  16-ply,  0-90-45  panel  for  mechanical  property  evaluation.  The 
panel  was  stripped  to  the  epoxy  primer  layer  (complete  topcoat  removal)  using  150 
pulses  for  a  given  area. 


m2/sec  (X10EXP-3) 


•4 


Fluence  Level  -  Joules/cm2 


FiKure  Kraondii  •  I’aml  2 


Panel  5  -  This  is  a  16-ply,  0-90-45  panel  for  mechanical  property  evaluation.  The 
panel  was  stripped  using  300  pulses  for  a  given  area  or  double  the  number  of  pulses 
to  completely  remove  the  topcoat.  This  exposure  failed  to  completely  remove  the 
epoxy  primer  over  the  majori^  of  the  panel  surface.  Penetration  through  the  epoxy 
primer  did  occur  over  approximately  20%  of  the  panel.  However,  no  fiber 
penetration  was  observed  at  this  exposure  level  (Figure  3.3.4-4). 

Panel  6  -  This  is  a  16-ply,  0-90-45  panel  for  mechanical  property  evaluation.  The 
panel  was  stripped  using  450  pulses  for  a  given  area  or  triple  the  number  of  pulses  to 
completely  remove  the  topcoat.  This  exposure  resulted  in  complete  removal  of  the 
epoxy  primer  over  approximately  95%  of  the  panel  surface.  The  majority  of  epoxy 
gelcoat  was  removed  at  least  down  to  the  first  layer  of  fibers,  and  fibers  were  also 
exposed  over  the  majority  of  the  panel  surface.  Under  an  optical  microscope,  there 
does  not  appear  to  be  any  damage  to  the  fibers  (Figure  3.3.4-5). 

Overall,  the  Resonetics  work  on  this  panel  stripping  was  outstanding.  The  ability  of 
the  excimer  laser  to  strip  the  panels  to  exactly  the  desired  level  has  been 
demonstrated.  In  this  operation,  it  appeared  that  the  epoxy  primer  was  removed  at  a 
lower  rate  than  the  urethane  topcoat,  the  epoxy  gelcoat  was  removed  at  a  faster  rate 
than  the  epoxy  primer,  and  the  graphite  fibers  were  removed  at  the  slowest  rate  of  all 
the  components.  The  step  3  work  of  this  program  should  provide  more  definitive 
results  about  the  individual  components. 

Mechanical  Property  testing  results  for  a  panel  stripped  with  single  pulses  and  the 
panel  stripped  with  triple  pulses  are  shown  in  Bguit  3.3.4-6.  The  results  show  no 
statistically  significant  reduction  in  flexural  or  shear  strength  as  a  result  of  the 
stripping. 
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Several  preparatory  steps  were  required  for  the  execution  of  Step  3  of  the  Resonetics 
program,  as  the  individual  components  of  the  composite  panel  system  had  to  be 
isolated  so  that  the  effect  of  the  exciroer  laser  on  each  component  could  be  studied. 
First,  special  arrangements  were  made  with  Hercules,  Inc.  (Magna,  Utah)  to  receive  a 
sample  of  their  epoxy  matrix  resin  (i.e.,  no  carbon  fibers)  which  is  used  in  the 
composite  prepreg.  Next,  carefully  prepared  samples  of  the  epoxy  primer  (4  mils)  on 
a  smooth  casting  of  the  epoxy  matrix  resin,  films  of  epoxy  matrix  resin  (32  mils), 
and  uncoated  and  coated  (topcoat  and  primer)  composite  panels  were  fabricated.  A 
plan  for 'processing  each  of  these  parts  was  developed  (see  Table  3.3.4- 1).  The 
primary  objectives  of  the  plan  are  to  identify  the  optimum  fluence  level  of  each 
component  and  then  determine  tlie  removal  rate  of  each  competient  at  its  optimum 
fluence  level  and  at  1.5  Men?  (opdnium  fluence  level  for  ihe  urethane  topcoat). 

Once  the  individual  components  have  been  evaluated,  several  trials  with  a  standard 

V  '  V 

composite  panel  which  has  been  primed  and  top-coated  will  be  run  to  detemaine  the 
number  of  pulses  necessary  to  penetrate  each  layer  of  the  system.  These  trials  will 
be  run  using  the  optimum  fluence  level  for  the  urethane  topcoat,  1.5  Men? 

Step  3  of  the  Resonetics  program  was  performed  using  a  75W  krypton-fluoride  (248 
nm)  excimer  laser.  Optimum  fluence  levels  were  determined  using  the  specially 
prepared  samples  of  each  individual  component.  C>ptimum  fluence  levels  were 
determined  by  rnc.asiuing  the  amount  of  material  removed  at  varying  fluence  levels. 
The  results  of  tire  fluenoe  level  study  arc  presented  in  Table  3.3.4-2.  The  results  of 
this  study  indicate  that  the  epoxy  primer  and  epoxy  matrix  resin  ablate  slightly  more 
easily  than  the  urctharre  topcoat,  but  of  a  jirnilar  magnitude.  The  graphite  fibers  arc 
more  difflctdi  to  ablate  th^  the  polyurethane  topcoat. 

The  effect  ol  the  optin^um  fluence  level  of  the  pctlyiireiljanc  topcoat  (1.5  Men?)  on 
the  individual  component!;  of  fhf  coated  epc/xy  graphite  panel  system  were  also 
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Table  33.4-1 
Resonetics 
Step  3  Work 


1)  Epoxy  Primer  on  Epoxy  Matrix  Resin 


Detenninc  a)  optimum  fluence  level  for  removal  and  b)  number  of  pulses  to 
completely  penetrate  the  epoxy  primer  at  the  optimum  fluence  level  and  at  1.5  J/cm^ 
(optimum  fluence  level  for  ureih^  topcoat  removal).  Priti^r  thickness  is  0.004 

"•inches.  ■  '  ’  ■  ■ . .  ‘  \  ■  sv 


2)  Film  of  Epoxy  Matrix  Resin 


Determine  a)  optimum  fluence  level  for  removal,  and  b)  number  of  pulses  to 
completely  penetrate  the  epoxy  matrix  resin  at  the  optimum  fluence  level  and  at 
\  J/crn^.  Use  material  in  the  unuiaiked  are^;  thickness  is  0X132  inches. 

■  ■  ■  '  V  '"■V  '  <■  ■••  ^  -f,-.  ;  ^  ';  •  • 
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,  3)  Uncoated  Composite  Penel 


Determine  (a)  optimum  fluence  level  for  removal,  and  (b)  number  of  pulses  to 
completely  |}enetrate  the  epoxy  matrix  resin  and  the  first  layer  of  fibere  at  the 
optimum  fluence  level  and  at  1.5  J/cm^.  'rhere  is  an  epoxy  matrix  resin-rich  layer  at 
liic  surface  of  the  panel.  However,  once  l!ic  "waffle  pancm"  has  been  removed, 
graphite  fibers  will  b^omc  exposed,  'fhe  optimum  fluence  )evel  and  stripping  rates 
will  most  likely  change  at  this  point 


'  4)  Coated  Composite  Panel 

-  Using  a  fluence  level  of  1.5  J/cm^,  dcicnnine  the  following: 

a)  Point  (number  of  pulies)  at  which  primer  first  becomes  evident, 

b)  Point  at  which  mpeoat  is  completely  removed, 

c)  Point  at  which  composite  (waffic  pattern)  first  becomes  evident, 

d)  Point  at  which  primer  is  completely  renwvcd. 

e)  Point  at  which  graphite  fiben  first  become  cxiden:, 

f)  Point  at  which  "w^fle  pauem"  is  completely  removed, 

g)  Point  at  which  second  layer  of  fibers  (direction  rviU  change)  becomes  e>  ident, 
and 

h)  Point  at  which  first  layer  of  fibers  Is  completely  lenwvtd, 


Note:  f)  may  occur  beftw  fs). 
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Table  33.4-2 

Material  Removal  at  Varying  Fluence  Levels  for  the 
Individual  Components  of  the  System 


Fluence  Level  (J/cm2) 

0.5 

0.6 

0.9 

1.5 

1.96 

Component 

Material  Removed  (mmVsecond) 

Polyurethane 

Topcoat 

0.0 

0.0 

0.04 

m 

0.23 

£poxy  Phmer 

0.0 

0.43 

0.63 

0.55 

0.49 

Epoxy  Matrix 

Resin 

0.M  : 

- 

0.59 

0.57 

0.46 

0.40 

Graphite 

' 

Fibers 

o.p 

0.0 

• 

■ 

0.01 

0.04 

O.IO 

Npce:  Numher  in  bold  print  mdicatet  opdniuri  flucnce  level,  v-  .  i  ' 
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evaluated  on  a  coated  epoxy-graphite  panel  or  a  combined  system.  This  was  done  by 
quantifying  the  number  of  pulses  required  to  penetrate  each  layer  of  the  system.  The 
results  are  presented  in  Table  3.3.4-3.  These  results  seem  to  indicate  that  the 
urethane  topcoat  is  easier  to  ablate  than  the  epoxy  primer  and  matrix  resin. 

However,  the  results  may  be  somewhat  misleading  because  the  layers  of  material  are 
not  flat  because  of  the  waffle-pattern  on  the  surface  of  the  composite  panel.  At  any 
rate  the  "buffer"  period  to  terminate  stripping  before  doing  any  damage  to  the 
composite  panel  is  more  than  adequate.  This  conclusion  is  further  verified  by  the 
high  level  of  control  achieved  in  the  stripping  of  composite  panels  in  Step  2  of  this 
program.  Finally,  this  work  verifies  that  the  graphite  fibers  are  much  more  difficult 
to  ablate  at  this  fluence  level  than  any  of  the  other  components. 

The  ability  of  the  excimer  laser  to  control  the  level  of  paint  removal  is  outstanding; 
however,  the  stripping  rates  (0.05  ft^/minute  with  a  150  watt  laser)  are  not  sufficient 
to  warrant  its  use  for  .stripping  entire  aircraft.  In  combination  with  the  primary 
stripping  method,  excimer  Itisers  may  be  useful  for  stripping  areas  of  the  aircraft 
which  aie  particularly  diflicaie  or  difficult  to  access.  The  surface  that  resulted  from 
the  laser  pain;  stripping  was  extremely  smooth,  typically  115  inicroinches  RMS. 

Protective  Coating  Systems 

An  investigation  into  potential  protective  coatings  specifically  for  excimer  laser 
'  stripped  composite  panels  was  initiated.  We  believe  that  these  protective  coating 
systems  will  require  significantly  different  properties  from  those  used  for  other 
stripping  methods.  For  example,  it  is  likely  that  the  color  and  amount  of  pigment 
used  will  significantly  affect  the  rate  at  which  the  coating  will  be  removed.  This  is 
because  of  the  vai^nng  abilities  of  these  pigments  to  accept  light.  As  such,  we 
inquired  of  Deft  Inc.,  asking  that  finr  lo  provide  pigment  volume  contents  (PVC)  and 
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evaluated  on  a  coated  epoxy-graphite  panel  or  a  combined  system.  This  was  done  by 
quantifying  the  number  of  pulses  required  to  penetrate  each  layer  of  the  system.  The 
results  arc  presented  in  Table  3. 3.4-3.  These  results  seem  to  indicate  that  the 
urethane  topcoat  is  easier  to  ablate  than  the  epoxy  primer  and  matrix  resin. 

However,  the  results  may  be  somewhat  misleading  because  the  layers  of  material  are 
not  flat  because  of  the  waffle-pattern  on  the  surface  of  the  composite  panel.  At  any 
rate  the  "buffer"  period  to  terminate  stripping  before  doing  any  damage  to  the 
composite  panel  is  more  than  adequate.  This  conclusion  is  further  verified  by  the 
high  level  of  control  achieved  in  the  stripping  of  composite  panels  in  Step  2  of  this 
program.  Finally,  this  work  verifies  that  the  graphite  fibers  are  much  more  difficult 
to  ablate  at  this  fluence  level  than  any  of  the  other  components. 

The  ability  of  the  excimer  laser  to  control  the  level  of  paint  removal  is  outstanding; 
however,  the  stripping  rates  (0.05  ft^/minute  with  a  150  watt  laser)  are  not  sufficient 
to  warrant  its  use  for  stripping  entire  aircraft.  In  combination  with  the  primary 
stripping  method,  excimer  lasers  may  be  useful  for  stripping  areas  of  the  aircraft 
which  are  panicularly  delicate  or  difficult  to  access.  The  surface  that  resulted  from 
the  laser  paint  stripping  was  extremely  smooth,  typically  115  microinches  RMS. 

Protective  Coating  Systems 

An  investigation  into  potential  protective  coatings  specifically  for  excimer  laser 
stripped  composite  panels  was  initiated.  We  believe  that  these  protective  coating 
systems  will  require  significantly  different  properties  from  those  used  for  other 
sUipping  methods.  For  example,  it  is  likely  that  the  color  and  amount  of  pigment 
used  will  significantly  affect  the  rate  at  which  the  coating  will  be  removed.  This  is 
because  of  the  varying  abilities  of  these  pigments  to  accept  light.  As  such,  we 
inquired  of  Deft  Inc.,  asking  that  firm  to  provide  pigment  volume  contents  (PVC)  and 
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Table  3.3.4-3 

Number  of  Pulses  Required  to  Penetrate  Each  Layer  of  a 
Coated  Epoxy^Graphite  Composite  Panel  System 


LEVEL 

NUMBER  OF  PULSES 

Primer  becomes  evidetii 

85 

Waffle  pattern  becomes  evident 

150 

Topcoat  completely  removed 

125 

Oraphite  ftbers  become  evident 

220 

Primer  completely  removed 

270 

Waffle  pattern  complete  removed 

280 

Second  layer  of  fibers  becomes  evident 

2000 

First  layer  of  fibers  completely  removed 

2200 
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pigmcnt-to-binder  ratios  (P/B)  for  various  MIL-P-23377  and  MIL-C-83286  materials. 
The  following  information  was  obtained: 


Specification 

Color 

PVC 

P/B 

MIL-P-23377 

yellow 

0.280 

0.392 

MIL-C-83286 

green 

0.177 

0.215 

MIL-C-83286 

red 

0.152 

0.180 

MIL-C-83286 

black 

0.146 

0.170 

MIL-C-83286 

white 

0.186 

0.228 

MIL-C-83286 

gray 

0.192 

0.238 

MIL-C-83286 

blue 

0.192 

0.238 

MIL-C-83286 

brown 

0.191 

0.235 

Conclusions 

Results  of  graphite-epoxy  composite  panels  indicated  that  the  ability  of  the  system  to 
terminate  stripping  in  the  primer  layer  is  outstanding,  and  no  loss  in  mechanical 
properties  was  observed.  With  scale-up  to  a  250-watt  laser  (largest  commercially 
available)  operating  at  3(X)  Hz,  stripping  rates  of  about  0.1  ft^Anin  could  be  achieved, 
which  is  unacceptable.  We  estimate  that  the  technology  to  produce  excimer  lasers 
powerful  enough  to  achieve  desired  stripping  rates  is  about  10  years  away. 


3.4  Abrasive  Paint  Removal 

This  method  is  perhaps  the  oldest  of  paint  removal  techniques.  It  is  well  developed 
and  understood.  The  technique  utilizes  liigh-speed  passes  of  abrasive  materials  to 
erode  coated  surfaces.  The  polyurethane  topcoat,  epoxy  primer,  and  epoxy-graphite 
system  is  a  particularly  difficult  one  fOT  abrasives  for  several  reasons.  First,  the 
urethane  topcoat  is  much  more  abrasion-resistant  than  the  epoxy  primer.  Second,  the 
epoxy  primer  layer  Ls  very  thin,  making  penetration  through  it  rather  easy.  Third,  the 
surface  of  the  composite  panel  is  not  smooth,  but  instead  possesses  the  "waffle" 
pattern  of  the  bleeder  cloth  used  during  fabrication.  As  a  result  of  this,  removal  of 
polyurethane  film,  which  lies  below  a  higii  point  Ln  the  con^site,  will  be  very 
difficult. 

Two  abrasive  types  were  the  focus  of  this  investigation,  coated  abrasives  and  surface 
preparation  pads.  Qiated  abrasives  consist  of  abrasive  grain  (aluminum  oxide,  silicon 
carbide,  garnet,  etc.),  a  flexible  or  semirigid  backing  (paper,  cloth,  plastic  film,  etc.), 
and  an  adhesive  to  bond  and  anchor  the  grains  to  the  backing.  Surface  conditioning 
pads  are  comprised  of  abrasive  grains  (aluminum  oxide,  silicon  carbide),  a  non- 
woven  synthetic  fiber,  and  an  adhesive  to  bond  and  anchor  the  abrasive  grain  and 
non- woven  fiber.  Other  key  aspects  of  abrasive  paint  removal  were  selection  of 
sanding  equipment  and  the  utilization  of  effective  sanding  techniques. 

3M  of  St.  Paul,  Minnesota  has  been  involved  in  work  with  the  polyurethane/paint/ 
composite  system  using  both  coated  abrasives  and  surface  preparation  pads.  On  the 
coated  abrasive  side,  SM’s  main  concern  was  the  rough  composite  surface. 

Smoothing  of  the  surface  through  better  composite  surface  finishing  or  application  of 
a  primer  which  would  completely  level  the  surface  would  greatly  simplify  the 
problem.  Repriming  after  a  paint  removal  operation  will  lead  to  a  smoother  surface- 
that  is,  the  first  removal  operation  will  be  the  most  difficult.  Because  identification  of 
the  primer  layer  is  almost  entirely  visual,  3M  recommends  a  primer  which  is 


77 


significantly  different  in  color  from  the  topcoat.  Coated  abrasives  systems 
recommended  include  the  Stikit  Gold  system  and  the  Multicut  system.  The  Stildt 
Gold  system  is  an  aluminum  oxide  abrasive,  paper-backed  resin  over  glue  bond 
system.  The  lSO-320  grade  range  was  recommended.  The  Multicut  system  is  a  newly 
developed  system  described  as  being  three-dimensional.  It  is  comprised  of  a  multi¬ 
mineral  configuration,  which  works  by  sacrificing  the  coating  on  abrasive  grains 
allowing  new  grains  to  be  introduced.  A  Muldcut  system  utilizing  aluminum  oxide 
abrasive  and  cloth  backing  was  recommended  for  initial  work. 

The  equipment  suggested  was  a  random  orbital  sander  with  vacuum  pickup  to  aid  in 
the  removal  of  debris.  Random  orbital  sanders  are  less  aggressive  than  right  angle 
Sanders,  thus  providing  more  control  over  the  paint  removal  operation,  although 
removal  rates  will  be  lower.  3M  indicated  that  diy  sanding  should  provide  the  best 
finish,  although  wet  sanding  may  be  somewhat  faster  and  provide  a  cooling  effect 
3M  has  performed  limited  testing  on  the  polyurethane/epoxy/composite  systems  using 
the  Stikit  Gold  system  and  a  random  orbital  sander.  Results  indicated  that  complete 
removal  of  the  topcoat  will  be  difficult,  mainly  because  of  the  "waffle"  pattern  on  the 
composite. 

3M  recommended  that  the  Scotchbrite  system  in  the  medium  and  very-fine  grade  be 
used.  Scotchbrite  is  made  up  of  aluminum  oxide  abrasive  and  nylon  nonwoven  fibers. 
Initial  abrading  should  be  performed  with  the  medium  grade,  and  the  veiy-fine  grade 
should  be  used  when  nearing  the  primer.  Scotchbrite  pads  are  a  much  milder  and 
more  forgiving  system  than  coated  abrasives,  and  therefore,  a  right-angle  sander 
operating  at  3-600  rpm  was  recommended.  Initial  work  should  be  performed  dry, 
although  water  injection  may  reduce  heating  effects  and  help  remove  debris  from  the 
pad,  yet  may  slow  removal  rates  somewhat  because  of  reduced  friction.  The  main 
concern  with  Scotchbrite  pads  is  the  removal  rate.  Preliminary  work  utilizing  a 
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water-injected  orbital  grinder  developed  by  Gates-Lear  provided  effective  removal 
with  damage  to  the  composite,  but  removal  rates  were  extremely  slow. 

Norton  G)mpany  of  Worcester,  Massachusetts  recommended  that  their  No.  F91 
Adalox  system  be  used  at  180,  240,  320,  and  400  grit.  The  No-Fil  Adalox  system  is 
comprised  of  aluminum  oxide  abrasive  which  is  open-coated  and  glue-bonded  on  F- 
weight  paperbacking.  A  special  surface  coating  treatment  is  applied  to  the  disc  to 
resist  loading.  Norton  also  recommended  that  their  coated  abrasive  be  used  on  a 
random  orbital  sander  with  vacuum  pickup.  Surface  preparation  pads  designated  were 
medium  and  fine-grade  Bear-Tex  discs.  These  discs  feature  a  reinforced  nonwoven 
nylon  web  backing,  which  is  impregnated  with  aluminum  oxide  abrasive  grain.  These 
discs  were  recommended  to  be  used  on  a  right-angle  sander. 

Carborundum  Abrasives  Company  of  Niagara  Falls,  New  York  identified  two 
products  from  their  Dry  Lube  line.  The  first  uses  aluminum  oxide  abrasive  grains, 
while  the  second  uses  silicon  carbide  abrasive  grains.  Both  types  were  bonded  to  D- 
weight  paper  with  180,  240,  and  320  grits  reconunended.  Carborundum  also 
suggested  that  these  discs  should  be  used  on  a  random  orbital  sander. 

3.4.1  Equipment  Selection 
Abrasive  Materials 

Two  types  of  abrasive  materials,  coated  abrasive  discs  and  surface  conditioning  pads, 
were  evaluated.  Coated  abrasive  discs  and  surface  conditioning  pads  were  supplied 
by  3M  and  Norton  Company  according  to  their  best  judgment  for  this  particular 
application.  Coated  abrasive  discs  were  pressure-sensitive  adhesive-backed,  while 
surface  conditioning  pads  utilized  a  "Velcro"  type  system  to  attach  them  to  backup 
pads.  Discs  and  pads  were  5  inches  in^ameter.  The  following  pads  and  discs  were 
evaluated. 
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Coated  Abrasives: 

Norton  No-Fil  Adalox  (180,  240,  320,  and  4(X)  grade) 

3M  Stikit  Gold  (100,  180,  240,  and  320  grade) 

3M  Three-M  ite  Resin  Bond  Cloth  or  Multicut  (120  and  180  grade) 

Surface  Conditioning  Pads: 

Norton  Beartex  Discs  (medium  and  fine  grades) 

3M  Scotchbrite  Discs  (coarse,  medium  and  very  fine  grade) 

Sanders 

Several  types  of  sanders  were  required  for  this  woiic.  First,  a  milder  sander  (random 
orbital  or  lower-speed  right  angle)  was  needed  for  coated  abrasives,  while  a  more 
aggressive  sander  (high-speed  right  angle)  was  required  for  surface  conditioning  pads. 
In  addition,  sanders  for  wet,  dry,  and  cryogenic  (sec  Section  3)  removal  were  also 
required.  As  a  result  of  these  needs,  the  following  four  sanders  were  procured  based 
on  their  speed,  power,  and  adaptability: 

•  0.3  HP,  random  orbital  sander  (Aro) 

•  1.8  HP,  6000  RPM,  right  angle  sander  (Dynabrade) 

•  0.5  HP,  3000  RPM,  right  angle  wet/dry  sander  (Dynabrade) 

•  0.5  HP,  800  RPM,  right  angle  wet/diy  sander  (Dynabrade) 

Backup  Pads 

A  variety  of  backup  pads  from  Feno  Industries  and  3M  were  selected  for  use  with 
both  coated  abrasive  discs  and  surface  conditioning  pads.  The  primary  differences  in 
the  pads  were  the  thickness  and  stiffness  of  the  foam  used. 
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Coated  Abrasive  Backup  Pads 

Feiro  606SSV  1/2  inch  of  hard,  somewhat  flexible  foam 

Ferro  60615V  3/8  inch  of  hard,  inflexible  foam 

Ferro  8SSL  3/4  inch  of  soft,  flexible  foam  topped  with 

1/4  inch  of  hard,  inflexible  foam 
Ferro  805L  1  inch  of  soft,  flexible  foam 

Surface  Conditioning  Backup  Pads 

3M  No.  14  1/2  inch  of  firm,  flexible  foam 

3M  No.  82  1/2  inch  of  firm,  flexible  foam  with  an 

angled  outer  edge 

3M  No.  57  1-1/4  inches  of  firm,  flexible  foam 

Ferro  GP  35  3/4  inch  of  firm,  flexible  foam 

Ferro  GP  915U  1/8  inch  of  hard,  inflexible  foam 

3.4.2  Screening  Tests 

Initial  screening  tests  were  performed  on  4"  x  12"  aluminum  "Q"  panels  coated  with 
Mil-P-23377  epoxy  primer  (0.6  -  0.9  mils)  and  Mil*C-83286  polyurethane  topcoat 
(2.0  ±  0.3  mils).  Testing  was  performed  using  various  combinations  of  abrasive 
materials  and  sanders  in  order  to  obtain  an  understanding  of  which  systems  had  the 
most  potential.  All  work  was  performed  using  5'inch  diameter  abrasive  discs  and 
pads  (8-inch  discs  are  also  available).  Systems  were  evaluated  based  upon  topcoat 
removal  rates  and  control.  Control  is  defined  as  the  ability  of  an  abrasive  system  to 
stop  within  the  epoxv  primer  layer  (i.c.,  maximum  topcoat  removal  and  minimal 
penetration  to  the  substrate).  Test  results  are  presented  in  Tables  3.4.2- 1  and  3.4.2-2. 

This  testing  provided  the  following  conclusions: 
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Table  3.4J-1 


Results  of  Abrasive  Removal  Using  Surface 
Conditioning  Pads  on  Coated  Aluminum  Panels 


Grade 

Sander 

Medium' 

Orbital 

6000  RPM 

3000  RPM 

3000  RPM  (wet) 

Fine2 

Orbital 

6000  RPM 

3000  RPM 

3000  RPM  (wet) 

Very  Fine^ 

Orbital 

6000  RPM 

3000  RPM 

3000  RPM  (wet) 

Test 

Area  of 
Topcoat 

Time 

Removed 

(seconds) 

(inch') 

Control 

60 

0 

Good 

30 

18 

Poor 

30 

7 

Fair  to  Good 

30 

9 

Fair  to  Good 

30 

2 

Good 

30 

2 

Good 

90 

12 

Fair 

120 

0 

• 

30 

0 

- 

'Scotchbrite  and  Beartex  discs 
^Beartex  discs 
’Scotchbriie  discs 
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the  primer  layer  was  good,  and  no  loss  in  mechanical  properties  was  observed. 
The  Artnex/Accustrip  system  is  currently  being  carefully  evaluated  for  large-scale 
use  on  aircraft. 

9.  Excimer  Laser  Paint  Stripping  utilizes  pulsed  lasers  which  operate  in  the 
ultraviolet  spectrum.  Excimer  lasers  are  a  new  and  rapidly  developing 
technology  which  remove  material  by  a  process  called  abladon  which  minimizes 
heating.  In  a  program  performed  in  conjunction  with  Resonetics,  the  following 
operating  parameters  were  found  to  be  optimum  using  a  40-watt  laser: 

•  Wavelength  =  248  nm  (Krypton  Fluoride) 

•  Fluence  level  =1.5  J/cm^ 

•  Pulse  rate  =  150  Hz 

•  Scan  rate  =  4.5  cm/second 

Results  on  graphite-epoxy  composite  panels  indicated  that  the  ability  of  the 
system  to  terminate  stripping  in  the  primer  layer  is  outstanding,  and  no  loss  in 
mechanical  properties  was  observed.  With  scale-up  to  a  250-watt  laser  Gargest 

A 

conunercially  available)  operating  at  300  Hz,  stripping  rates  of  about  0.1  ft  /min 
could  be  achieved,  a  rate  which  is  unacceptable.  It  is  estimated  that  the 
technology  to  produce  excimer  lasers  powerful  enough  to  achieve  desired 
stripping  rates  is  about  10  years  away. 

10.  Envirostrip  is  a  new  process  being  developed  by  Ogilvie  Mills,  Ltd.  (Montreal, 
Quebec).  The  process  uses  modified  wheat  starch,  which  is  biodegradable  and 
non-toxic,  in  a  blasting  operation  to  remove  coatings.  Initial  testing  on  graphite- 
epoxy  composites  indicates  that  appropriate  blasting  parameters  are: 
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TABLE  3A2-2 


Results  of  Abrasive  Removal  Using  Coated 
Abrasives  on  Coated  Aluminum  Panels 


Grade 

Sander 

Test 

Time 

(seconds) 

Area  of 
Topcoat 
Removed 
(in^h*) 

Control 

100> 

Orbital 

30 

•3 

Good 

6000  RPM 

- 

- 

- 

3000  RPM 

15 

4 

Good 

3000  RPM  (wet) 

30 

39 

Good 

18(F 

Orbital 

45 

9 

Good 

6000  RPM 

- 

- 

- 

3000  RPM 

30 

20 

Good 

3000  RPM  (wet) 

20 

13 

Very  Good 

2403 

Orbital 

• 

• 

• 

6000  RPM 

15 

16 

Fair 

3000  RPM 

25 

4 

Fair 

3000  RPM  (wet) 

30 

5 

Very  Good 

3203 

Orbital 

.. 

6000  RPM 

15 

11 

Fair 

3000  RPM 

45 

5 

Good 

3000  RPM  (wet) 

60 

1 

Good 

4003 

Orbital 

• 

6000  RPM 

30 

2 

Good 

3000  RPM 

- 

- 

- 

3000  RPM  (wet) 

- 

- 

- 

’Stikit  Gold  disks 

2No-Fil  Adalox  discs 

^Stikit  and  No-Fil  Adalox  discs 
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1.  The  Dynabradc  3000  RPM  sander,  dry  or  wet,  provided  the  best  results. 

Stripping  rates  were  similar  for  both  wet  and  dry  operation,  while  control  was 
somewhat  better  with  wet  operation.  The  random  orbital  sander  provided  good 
control  but  very  low  stripping  rates.  The  6000-RPM  sander  provided  high 
stripping  rates  with  essentially  no  control. 

2.  Both  coated  abrasive  discs  and  surface  conditioning  pads  showed  potential  when 
used  with  the  3000-RPM  (wet  or  dry)  sander. 

3.  A  two-phase  system  would  be  required  for  successful  removal.  The  "first  cut" 
should  be  made  with  a  more  aggressive  (coarser  grade)  material  to  achieve 
maximum  removal  rates.  Once  the  epoxy  primer  becomes  visible,  a  milder  (finer 
grade)  material  should  be  used  to  improve  control  Products  qualifying  as  "first 
cut"  materials  were  Stikit  Gold  •  1(X)  or  180  grade,  No-Fil  Adalox  -  180  grade, 
Beartex  •  medium  grade,  and  Scotchbrite  -  medium  grade.  Products  qualifying  as 
"second  cut"  materials  were  Stikit  Gold  -  240  or  320  grade,  No-Fil  Adalox  -  240 
or  320  grade,  Beanex  -  fine  grade,  and  Scotchbrite  -  very  fine  grade. 

Tlie  next  step  was  to  evaluate  these  abrasive  systems  on  coated  composite  panels. 
Testing  was  performed  in  a  similar  manner  to  the  coated  aluminum  panel  work, 
except  in  many  cases  a  "two-cut"  system  was  employed.  Generally,  results  were 
similar  to  those  obtained  on  aluminum  panels.  The  following  observations  and 
conclusions  were  made: 

1.  The  "waffle"  pattern  on  the  surface  of  composite  panels  is  an  obstacle  to 
effective  paint  removal  by  abrasive  means.  The  "waffle"  pattern  is  an 
arrangement  of  high  and  low  points  in  the  gel  coat  of  the  composite,  which  was 
created  by  contact  with  the  porous  teflon  release  film  in  the  fabrication  process 
(layup).  As  a  result,  paint  is  being  removed  from  a  nonlevel  surface  (variation  in 
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height  is  approximately  1  nul).  This  creates  difficulty  in  removal,  especially 
where  topcoat  exist*:  below  high  points  of  the  gel  coat.  With  all  topcoat 
venx>ved,  the  best  results  showed  some  penetration  into  the  gel  coat  in  about  25% 
of  the  surface. 

2.  A  "two-cut"  system  with  the  3000  RPM  (wet  or  dry)  sander  and  either  the  coated 
abrasives  or  surface  conditioning  pads  provided  the  best  results.  Tne  best 
performing  abrasive  materials  were  the  same  as  with  coated  aluminum  panels. 

3.  The  6(XX)-RPM  sar.der  is  too  aggressive  with  any  abrasive  tnaterial.  The  3000- 
RPM  sander  appears  to  be  slightly  too  aggressive  when  used  with  coated 
abrasives.  The  random  orbital  sander  was  only  effective  as  a  "second-cut"  tool 
with  finer  grade  coated  abrasives.  As  a  result  of  these  observations,  the  6(XX)- 
RPM  sander  was  returned  to  Dynabrade  and  replaced  with  a  0.5-HP,  800-RPM, 
right-angle  wet/dry  sander  (Dynabrade). 

4.  Clogging  was  observed  in  surface  conditioning  pads  in  dry  sanding  operations. 

5.  Coated  abrasive  discs  tended  to  wear  rather  quickly. 

At  this  point,  a  test  program  was  performed  to  evaluate  the  800-RPM  wet/dry  sander 
and  the  various  backup  pads.  As  before,  initial  work  was  performed  on  coated 
aluminum  panels.  Test  results  arc  presented  in  Tables  3.4.2-3  and  3.4.2-4.  These 
results  indicated  that  the  following  four  systems  should  be  evaluated  on  composite 
panels; 
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Table  3.4.20 


Sanding  oii'  Aluminum  Panels  Using  800  RPM  Sander 
with  Coated  Abrasives 

(A)  Dry  Sanding 


Disc 

Backup 

PajI 

Area  of 
Topcoat 
Removed 

Area 

Removed  to 
Aluminum 
(in.*) 

Sanding 

Control 

Damage 
to  Disc 

Sanding 

Time 

(sec.) 

Stikit 

805L 

12.5 

2.5 

fair 

very 

20 

Gold  100 

little 

Stikit 

805L 

11.2 

0 

very 

very 

20 

Gold  180 

good 

little 

Stikit 

60655V 

5.6 

0 

good 

very 

20 

Gold  180 

little 

Stikit 

60615V 

12.7 

0.25 

tendency 

very 

20 

Gold  180 

to  hop 

little 

Stikit 

855L 

8.1 

0 

very 

very 

20 

Gold  180 

good 

little 

Stikit 

805L 

9.3 

0 

very 

very 

20 

Gold  180 

good 

little 

No-Fil 

805L 

2.2 

0 

good 

very 

20 

Adalox  180 

good 

Stikit 

805L 

2.6 

0 

very 

very 

20 

Gold  240 

good 

little 
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Table  3.4  J'3  (Continued) 


Sanding  of  Aluminum  Panels  Using  800  RPM  Sander 
with  Coated  Abrasives 

(B)  Wet  Sander  (Water  Flow  Rate  s  0.1  Gallons/Minute) 


Backup 

Area  of 
Topcoat 
Removed 

Disc 

(in.^) 

Stikit 

Gold  320 

805L 

0 

No-Fil 

Adalox  320 

805L 

<1 

Stikit 

Gold  100 

805L 

8.7 

Stikit 

Gold  180 

805L 

2.5 

No-Fil 

Adalox  180 

805L 

7.5 

Stikit 

Gold  240 

805L 

9.0 

Stikit 

Gold  320 

805L 

1.0 

No-Fil 

Adalox  320 

805L 

0 

Area 


Removed  to 

Sanding 

Aluminum 

Sanding 

Damage 

Time 

(in.*) 

Control 

to  Disc 

(sec.) 

0 

good 

very 

little 

20 

0 

good 

very 

little 

20 

0 

very 

good 

ycy 

little 

20 

0 

good 

50%  of 
abrasive 
removed 

20 

0 

very 

good 

80%  of 
abrasive 
removed 

20 

1 

fair 

very 

little 

20 

0 

S[rjod 

very 

little 

20 

0 

good 

75%  of 
abrasive 
removed 

20 
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Table  3.4^ 


Sanding  of  Aluminum  Panels  Using  800  RPM  Sander 
with  Surface  Conditioning  Pads 

(A)  Dry  Sanding 


Disc 

Backup 

Pad 

Area  of 
Topcoat 
Removed 
Cin.^> 

Scotchbrite 

Coarse 

GP915V 

8.2 

Scotchbrite 

Coarse 

GP35 

2.2 

Scotchbrite 

Medium 

GP915V 

1.0 

Scotchbrite 

Medium 

GP35 

0 

Beartex 

Medium 

GP35 

3 

Beartex 

Fine 

GP35 

0 

Scotchbrite 
Very  Fine 

GP35 

0 

Area 


Removed  to 
Aluminum 

Sanding 

Control 

Damage 
to  Disc 

Sanding 

Time 

(sec.) 

0.25 

good 

consider¬ 

able 

clogging 

20 

0 

good 

consider¬ 

able 

clogging 

20 

0 

poor 

consider¬ 

able 

clogging 

20 

0 

good 

consider¬ 

able 

clogging 

20 

1 

poor 

consider¬ 

able 

clogging 

20 

0 

good 

consider¬ 

able 

clogging 

20 

0 

good 

some 

clogging 

20 

as 


Table  3.4^«4  (Continued) 


Sanding  of  Aluminum  Panels  Using  800  RPM  Sander 
with  Surface  Conditioning  Pads 

(B)  Wet  Sanding  (Water  Flow  Rate  s  OJ  Gallons/Minute) 


Area  of  Area 


Disc 

Backup 

Pad 

Topcoat 

Removed 

0« 

Removed  to 
Aluminum 
(in.*) 

Sanding 

Control 

Damage 
to  Disc 

Sanding 

Time 

(sec.) 

Scotchbrite 

Coarse 

GP35 

15 

1.5 

fair 

none 

20 

Scotchbrite 

Medium 

GP35 

8 

1 

fair 

none 

20 

Beartex 

Medium 

GP35 

22 

1 

fair 

very 

little 

20 

Beanex 

Fine 

GP35 

7.5 

1 

fair 

very 

little 

20 

Scotchbrite 

Very  Fine 

GP35 

0 

0 

good 

none 

20 

n 


Coated  Abrasives  with  800>RPM  Dry  Sander 


First  Cut  •  Stildt  Gold  180  grade  with  80S/L  backup  pad 
Second  Cut  •  Stikit  Gold  320  grade  with  805/L  backup  pad 

Coated  Abrasives  with  800*RPM  Wet  Sander 

First  Cut  -  Stikit  Gold  100  grade  with  80S/L  backup  pad 
Second  Cut  •  Stikit  Gold  320  grade  with  805/L  backup  pad 

Surface  Conditioning  Pads  with  3000<RPM  Dry  Sander 

First  Cut  •  Scotchbrite  coarse  grade  with  GP  91SU  backup  pad 
Second  Cut  •  Scotchbrite  very  fine  grade  with  GP  35  backup  pad 

Surface  Conditioning  Pads  with  SOOG^RPM  Wet  Sander 

First  Cut  -  Beartex  medium  grade  with  GP  35  backup  pad 
Second  Cut  •  Scotchbrite  very  fine  grade  with  GP  35  backup  pad 

In  addition,  the  softer,  mote  flexible  backup  pads  (Feno  805L  and  GP  35)  provided 
better  control  and  increased  contact  area,  mainly  because  of  their  ability  to  conform 
to  the  surface  of  the  substrate. 

These  systems  were  subsequently  used  as  a  guide  for  the  testing  on  coated  composite 
panels.  In  this  testing,  the  first-cut  system  was  used  until  a  considerable  amount  (40- 
50%  of  the  surface  area)  of  the  primer  was  visible.  Results  indicated  that  the  best 
systems  wete  the  same  as  those  detemnined  on  coated  aluminum  panels,  with  the 
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exception  being  that  the  800-RPM  sander  should  also  be  used  with  surface  condi¬ 
tioning  pads.  These  systems  were  rated  as  follows: 

Coated  Abrasives  with  800<RPM  Sander 

First  Cut  •  Sdkit  Gold  100  grade  with  80SL  backup  pad 
Second  Cut  -  Sdkit  Gold  320  grade  with  80SL  backup  pad 

This  system  worked  very  effectively.  A  6”  x  12"  panel  was  completely  stripped  in 
60  seconds  using  a  S-inch  disc.  The  control  of  this  system  was  very  good,  as  it 
effectively  removed  about  95%  of  the  top  coat  with  minimal  (10-15%)  composite 
penetration.  Any  penetration  into  the  composite  surface  was  completely  limited  to 
the  very  outermost  surface  of  the  gel  coat.  We  believe  that  the  current  stripping  rate 
of  0.5  ftVminute  would  be  improved  considerably  in  field  application  for  the 
following  reasons: 

1.  An  8-inch-(or  greater)  diameter  disc  would  be  substituted  for  the  5-inch-diameter 
disc,  providing  60%  or  more  additional  sanding  surface. 

2.  Sanding  large-surface-area  objects  drastically  improves  the  workers’  freedom  of 
movement.  The  sanding  of  a  6-inch  wide  panel  with  a  5'inch-diameter  disc  is 
quite  difficult,  because  of  the  movement  and  vision  constraints.  The  alleviating 
of  vision  constraints  should  also  improve  control. 

The  water  flow  rate  used  was  0.4  gallons  per  minute.  Wet  sanding  is  advantageous, 
as  it  provides  better  control,  eliminates  dust  emissions,  and  reduces  clogging  of 
sanding  discs.  However,  it  also  creates  waste,  is  quite  messy  and  tends  to  affect  the 
adhesive  bond  of  the  sanding  disc  to  the  backup  pads.  Water  can  be  filtered  and 
recycled  to  minimize  waste,  but  despite  this  face,  the  amount  of  water  used  should  be 
kept  to  the  absolute  minimum  amount  required  to  provide  the  necessary  control. 
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Two  other  minor  concerns  became  apparent.  First,  coated  abrasive  discs  tended  to 
wear  slightly  faster  with  wet  sanding  than  with  dry  sanding.  Second,  the  softer, 
urethane-foam  backup  pads  tended  to  tear  on  the  outer  edge  with  extended  use. 

Coated  Abrasives  with  800*RPM  Dry  Sander 

First  Cut  -  Stikit  Gold  180  grade  with  80SL  backup  pad 
Second  Cut  -  Stikit  Gold  320  grade  with  80SL  backup  pad 

This  system  was  also  very  effective.  Its  stripping  rates  were  comparable  to  the  wet 
sanding  system.  However,  the  control  was  somewhat  less.  That  is,  in  order  to 
remove  the  same  amount  of  top  coat,  slightly  more  of  the  composite  surface  was 
penetrated.  Again,  only  the  outermost  surface  of  the  gel  coat  is  penetrated.  This 
system  did  pitxluce  dust,  but  a  vacuum  system  would  help  minimize  this  problem.  In 
addition,  use  of  the  dry  system  would  alleviate  some  of  the  problems  associated  with 
wet  sanding.  This  is  a  very  good  alternative  system  to  the  wet  sanding  system. 

Surface  Conditioning  Pads  with  800>RPM  Wet  Sander 

First  Cut  -  Beartex  medium  grade  pad  with  GP  35  backup  pad 
Second  Cut  •  Scotchbrite  very  fine  grade  pad  with  GP  35  backup  pad 

This  system  was  only  fairly  effective.  Stripping  rates  were  almost  half  of  the  coated 
abrasive  systems.  In  addition,  control  was  somewhat  less.  Efforts  to  use  the  3000 
RPM  sander  resulted  in  improved  rates,  but  with  additional  and  unacceptable  loss  of 
control,  as  significant  areas  of  the  composite  gel  coat  were  being  exposed.  Overall, 
this  system  is  inferior  to  wet-  or  dry-coated  abrasive  sanding. 

Surface  Conditioning  Pads  with  800>RPM  Dry  Sander 
First  Cut  -  Beartex  medium  grade  with  GP  35  backup  pad 
Second  Cut  -  Scotchbrite  very  fine  grade  with  GP  35  backup  pad 


This  system  was  comparable  to  the  surface  conditioning  pads  with  800-RPM  wet 
Sander,  with  sdll  somewhat  less  control.  Utis  system  is  definitely  inferior  to  the 
coated  abrasive  systems. 

3.4J  Fine  Tuning  of  the  System 

The  final  step  in  this  effon  was  to  address  disadvantages  of  the  wet/dry  system  with 
coated  abrasives,  in  an  effort  to  improve  these  systems.  First,  experiments  were  run 
to  determine  the  minimum  water  flow  rate  for  wet  sanding,  which  would  provide  the 
desired  control  without  clogging  of  the  abrasive  discs  and  also  minimize  waste. 

Here,  the  water  flow  rate  was  able  to  be  reduced  from  0.4  gallons  per  minute  to  0.15 
gallons  per  minute. 

Next,  two  problems  associated  with  the  coated  abrasive  systems  were  discussed  with 
3M.  These  were  the  fairly  quick  wearing  of  the  coated  abrasive  discs  when  used 
with  wet  sanding  and  the  intermittent  loss  of  adhesion  of  pressure-sensitive  adhesive- 
backed  coated  abrasive  discs  to  the  backup  pad  during  wet  operations.  As  a  result, 
3M  provided  two  alternative  systems.  The  first  was  a  261  Stikit  resin  bond  polyester 
film-backed  disc.  This  product  with  the  plastic  backing  was  designed  for  better  wear 
and  adhesion  during  wet  operation  than  the  Stikit  Gold  discs  which  had  a  paper 
backing.  The  second  product  was  a  259F  Three-M-ite  resin  bonded  cloth  or  Multicut 
system.  The  Muldcut  system  is  a  so-called  three-dimensional  system  which  slowly 
and  continually  exposes  new  abrasive  grains  as  a  specially  designed  sacrificial 
coating  is  penetrated.  In  addition,  the  Multicut  system  attaches  to  the  backup  pad  by 
a  "hook-and-loop"  (Velcro-type)  system  which  eliminates  the  pressure-sensitive 
adhesive  altogether  and  hopefully  the  adhesion  problem. 

Testing  of  the  261  Stikit  resin  bond  polyester  film-backed  disc  showed  no  apparent 
adhesion  problems  to  the  backup  pad  and  considerable  improvement  in  disc  wear. 

Dry  stripping  rates  were  comparable  to  Stikit  Gold  products,  while  control  was 


considerably  less.  Wet  stripping  rates  were  considerably  slower  than  StUdt  Gold 
products,  while  control  was  somewhat  less.  In  conclusion,  the  261  Stikit  resin  bond 
polyester  film-backed  disc  provided  solutions  to  the  problems  being  addressed,  but 
was  inferior  to  the  Stikit  Gold  in  removal  rates  and  control.  Results  are  presented  in 
Table  3.4.3- 1. 

Dramatic  improvements  were  realized  with  the  2S9F  Three-M-ite  resin  bond  cloth 
(Multicut  system)  discs.  First,  very  minimal  wear  and  clogging  were  observed,  and 
the  "hook-and-loop"  method  for  attaching  these  discs  to  the  backup  pad  worked 
without  any  problems.  More  importantly,  stripping  rates  were  doubled  (1  ftVmin 
with  a  S-inch  disc)  along  with  an  improvement  in  control,  especially  with  wet 
operation.  In  fact,  the  Multicut  system  was  so  easy  to  control  that  paint  removal  was 
effectively  accomplished  in  one  cut.  This  provides  a  further  rate  increase,  as 
changeover  to  a  "second-cut"  system  could  now  be  eliminated.  In  conclusion,  the 
performance  of  the  Multicut  system  was  outstanding  and  without  comparison  to  anv 
other  system  tested  to  date.  Results  are  presented  in  Table  3.4.3- 1. 

Finally,  the  problem  of  degradation  of  the  softer  backup  pads  which  provided  the 
desired  control  was  also  discussed  with  3M.  In  an  attempt  to  solve  this  problem,  3M 
provided  three  alternative  backup  pads  (Nos.  14,  57,  and  82).  These  pads  utilized  a 
cast  foam  which  was  somewhat  firmer  for  improved  durability,  yet  still  flexible  for 
the  desired  control.  Laboratory  testing  determined  that  the  No.  57  disc  provided  very 
good  control  with  very  little  sign  of  wear  as  of  this  time. 

Rating  of  the  best  systems  is  provided  in  Table  3.4.3-2. 

Mechanical  property  testing  has  produced  very  favorable  results.  Rexural  and  shear 
tests  have  been  perfoimed  on  various  carefully  abraded  samples,  as  well  as  samples 
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Table  3.4J-1 


Multicut  and  Plastic  Film-backed  Stikit  Results 


A.  120  Grade,  259F  Three-M-ite  Redn  Bond  Cloth  (Multicut  System) 


Flow 

Time  to  sand 

Wet/ 

Rate 

6"  X  12" 

Sander 

Dry 

(qPM) 

Panel  (sec.) 

Control 

3000  RPM 

Dry 

- 

35 

Fair 

800  RPM 

Dry 

- 

35 

Very  Good 

3000  RPM 

Wet 

0.15 

25 

Good 

800  RPM 

Wet 

0.15 

30 

Very  Good 

B.  100  Grade,  261  Stikit  Resin  Bond  Polyester  Film-backed  Discs 


Sander 

Wet/ 

Pry 

Flow 

Rate 

(pPM) 

Second  Cut 

System 

Time  to  sand 

6"  X  12" 

Panel  /sec.) 

Control 

3000  RPM 

Dry 

28 

Poor 

3000  RPM 

Dry 

- 

Stikit  Gold 

1-18 

Poor 

320  Grade 

2-27 

800  RPM 

Dry 

- 

Stikit  Gold 

1-25 

Good 

320  Grade 

2-32 

3000  RPM 

Wet 

0.15 

- 

50 

Fair 

800  RPM 

Wet 

0.15 

• 

>90 

Good 

98 


Table  3.43-2 


Rating  of  Abrasive  Systems 


Time  to  Sand 


Disc 

Sander 

6”  X  12" 

Panel  (seel 

Control 

Muldcut  120 

800  RPM-Wet 

30 

Excellent 

Multicut  120 

800  RPM-Dry 

35 

V.Good 

1 -Stikit  Gold  100 

800  RPM-Wet 

30 

Good 

2-Stikit  Gold  320 

800  RPM-W'^t 

30 

1-Stikit  Gold  180 

800  RPM-Dry 

30 

Good 

2-Stikit  Gold  320 

800  RPM-Dry 

30 

1-Beanex  Medium 

800  RPM-Wet 

40 

Fair 

2-Scotchbrite  Very  Fine 

800  RPM-Wet 

35 

1 -Scotchbrite  Medium 

800  RPM-Dry 

40 

Fair 

2-Scotchbritc  Very  Fine 

800  RPM-Dry 

35 

Backup  pad  used  with  Multicut  120  was  3M  No.  57. 

Backup  pad  used  with  Stikit  systems  was  Ferro  805L. 

Backup  pad  used  with  Beartex  and  Scotchbrite  systems  was  Ferro  GP  35. 
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that  have  been  abraded  well  past  the  desired  endpoint  (within  the  epoxy).  As  shown 
in  Figiues  3.4.3*  1  and  3.4.3-2,  test  results  indicated  that  no  statistically  significant 
loss  of  properties  has  occurred.  In  addition,  the  surface  roughness  is  quite  low, 
typically  140  microinches  RMS  for  wet  abrasive  and  180  microinches  RMS  for  dry 
abrasive. 

3.4.4  Conclusions 

1.  Abrasive  paint  removal  on  composites  is  a  very  feasible  approach  to  depainting. 

2.  The  3M  Multicut  (120  grade)  system  with  800-RPM  wet  (0.15  gallons  of  water 
per  minute)  sander  and  3M  backup  pad  No.  57  is  the  best  system  evaluated  to 
date  (See  Figure  3.4.3*3).  Using  a  S*inch  disc  on  a  6"  x  12"  panel,  stripping 
rates  of  1  ftVminute  have  been  achieved  with  excellent  control 

(See  Figure  3.4.3*4).  In  addition,  the  Muldcut  discs  have  shown  good  durability, 
minimal  clogging,  and  no  adhesion  problems  to  the  backup  pad. 

3.  The  3M  Muldcut  (120  grade)  system  with  800-RPM  dry  sander  and  3M  backup 
pad  No.  57  is  nearly  as  effecrive  as  the  wet  system.  Stripping  rates  and  control 
are  slightly  less. 

4.  Generally,  wet  sanding  eliminates  dust,  reduces  clogging,  provides  somewhat 
better  control  than  dry  sanding,  but  is  messy  and  creates  a  wastewater  handling 
situation.  Recycling  and  filtering  is  a  potendal  solution  to  the  wastewater 
problem.  At  the  veiy  least,  minimal  amounts  of  water  should  be  used 

5.  The  achieved  laboratory  stripping  rate  of  1  ftVminute  should  be  substantially 
improved  in  field  use  for  several  reasons.  First,  a  disc  of  at  least  8-inch  diameter 
can  replace  the  current  5-inch  diameter  disc.  This  will  provide  at  least 
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Figure  3.4.3-1  Wet  Abrasive  Paint  Removal 
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Figure  3.4  J-4  Wet  Abrasive  Stripped  Panel 


2  1/2  tunes  the  surface  area.  Secondly,  a  variable  speed  2000-RPM  wel/diy 
Sander  is  currently  being  developed  which  would  allow  for  improved  speed 
control.  That  is,  higher  speeds  could  be  used  for  initial  stripping,  and  then  lower 
speeds  could  be  used  upon  nearing  or  reaching  the  epoxy  primer  with  very 
minimal  change  over  time.  This  should  allow  for  improved  rates  and  control.  In 
addition,  paint  removal  on  a  6"  x  12**  panel  with  a  S*inch  diameter  abrasive  disc 
is  difficult  because  of  movement  and  vision  constraints.  Abrasive  removal  on 
large  surface  areas  will  alleviate  movement  and  vision  constraints,  which  should 
improve  rates  as  well  as  control.  A  disadvantage  is  that  this  method  is  labor 
intensive  and  operators  may  not  be  able  to  sustain  these  rates  for  extended 
periods  of  dme. 

6.  Initial  mechanical  property  testing  shows  no  loss  in  properties  provided  the 
primer  is  not  severely  penetrated. 

7.  Levelling  (elimination  of  the  "waffle"  pattern)  of  the  composite  surface  prior  to 
application  of  the  primer  and  topcoat  should  minimize  penetration  through  the 
epoxy  primer. 

8.  Funher  testing  should  be  performed  on  larger  surfaces  and  contoured  surfaces. 

Dynabrade’s  new  variable  speed  (0-2000  rpm),  wet/dry  sander  was  evaluated.  The 
system  was  tested  using  120-grade  Multicut  discs  and  the  3M  No.  57  backup  pad. 
Results  were  disappointing,  as  the  variable  speed  sander  did  not  possess  the  power 
that  both  the  800-  and  2000-rpm  sanders  had.  As  such,  stripping  rates  were  much 
lower.  Our  conclusions  are  that  the  performance  of  the  variable  speed  sander  was 
inferior  to  the  "single"  speed  sanders  and  did  not  warrant  any  further  consideration. 
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3.5  Wheat  Starch  Blasting 

Ogilvie  Mills,  Inc.,  has  introduced  a  wheat  starch  blasting  process  for  paint  removal. 
The  process  utilizes  a  nonpetroleum  amylaceous  polymer  which  is  biodegradable  and 
nontoxic.  The  raw  material  is  purified  (99.98%)  wheat  starch  with  all  organic 
ingredients  such  as  the  oils  removed.  Ogilvie  Mills  reports  that  the  media  has  been 
engineered  to  perform  to  exacting  specifications  and  does  not  damage  aluminum. 

The  media  has  a  hardness  of  85  Shore  D  or  2.8  Mohs,  does  not  clump  together  at 
high  relative  humidity  (but  will  clump  in  liquid  water),  and  costs  between  $2.10  and 
$2.50  per  pound.  The  media  is  delivered  to  the  substrate  in  a  similar  manner  as  in 
plastic  media  blasting.  Equipment  to  separate  hazardous  and  nonhazardous  waste  is 
in  the  prototype  development  stage.  A  small,  portable  blasting  unit  is  available  for 
demonstration  purposes. 

Testing 

Initial  stripping  trials,  using  the  Envirostiip  process,  were  performed  on  two  coated 
aluminum  panels  and  a  coated  composite  panel.  On  the  first  aluminum  panel, 
stripping  was  performed  to  the  primer  level.  Stripping  was  able  to  be  terminated  in 
the  primer  layer  over  the  majority  of  the  panel.  Blasting  parameters  used  were  35- 
psig  blasting  pressure,  20-  to  40-degree  blast  angle,  6-  to  10-inch  standoff,  and  250- 
lb/hr  media  flow  rate.  Overall,  the  control  was  very  good,  as  only  small  amounts  of 
topcoat  remained,  and  virtually  no  penetration  to  the  aluminum  was  observed.  The 
process  left  the  primer  surface  slightly  rough. 

The  second  panel  was  stripped  to  the  aluminum.  Blasting  parameters  were  the  same 
except  the  pressure  was  increased  to  50  psig  and  the  angle  was  50  to  70  degrees. 

The  process  was  very  effective,  as  virtually  all  of  the  coatings  (topcoat  and  primer) 
were  removed,  and  the  aluminum  surface  appeared  undamaged.  The  panel  was 
slightly  curved  as  a  result  of  the  removal  process. 
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The  graphite-epoxy  composite  panel  was  stripped  to  the  primer  layer.  The  blasting 
parameters  used  were  30  psig  blasting  pressure.  20-  to  40‘degite  blasting  angle,  6-  to 
10-inch  standoff,  and  250-lb/hr  media  flow  rate.  The  control  of  the  process  was 
fairly  good,  as  stripping  war  able  to  be  terminated  in  the  primer  layer  over  the 
majority  of  the  panel.  However,  there  was  some  penetration  through  the  primer  and 
small  amounts  of  uniemoved  topcoat.  No  fiber  damage  was  obvious.  Ogilvie  Mills 
suggests  that  the  process  should  be  able  to  remove  all  of  the  topcoat  and  primer 
without  damaging  the  composite  and  produce  higher  overall  stripping  rates  in  the 
process.  Stripping  rates  wer,:  not  able  to  be  calculated  in  these  initial  trials. 

Next,  Ogilvie  Mills  performed  trial  stripping  on  a  2.5-foot  by  1-foot  graphite-epoxy 
composite  panel.  The  panel  was  sectioned  into  quarters  and  the  following  stripping 
operations  were  performed: 

Section  1  •  This  portion  of  the  panel  was  used  for  practicing  both  selective 

(termination  at  the  primer  layer)  and  complete  paint  removal.  Removal 
in  this  area  indicated  that  the  Envirostrip  process  has  reasonably  good 
control  for  stripping  to  both  of  these  levels.  Also  in  this  section,  an  area 
was  exposed  to  a  ifl-second  dwell.  Damage  in  this  area  was  very 
limited,  as  penetration  was  generally  only  to  the  surface  of  the  first  layer 
of  fibers  or  less,  although  one  small  spot  of  flber  delaminadon  was 
evident 

Section  2  -  This  area  was  suipped  to  the  primer  level.  The  control  of  the  system 
was  very  good.  Over  the  large  majority  of  the  panel,  stripping  was 
terminated  in  the  primer  layer.  Essentially  no  penetration  through  the 
primer  la''er  occurred.  Remnants  of  the  polyurethane  topcoat  were 
visible  over  about  5%  of  this  section.  A  nozzle  pressure  of  35  psig,  a 
blast  angle  of  30  degrees,  a  standoff  distance  of  7  inches,  and  a  media 
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flow  rate  of  900  Ib/hr  were  used  The  stripping  rate  was  estiinated  to  be 
0.5  fi^/minute. 

Section  3  -  Topcoat  and  primer  were  completely  stripped  Over  the  miyority  of  the 
area,  stripping  was  terminated  at  the  surface  of  the  composite  without 
any  obvious  signs  of  damage  to  the  matrix  resin  or  the  fibers.  However, 
delamination  of  the  Orst  and  second  composite  plies  was  produced  in 
areas.  Ogilvie  Mills  feels  that  a  small  amount  of  glass  bead 
contamination  may  have  caused  the  delamination.  A  nozzle  pressure  of 
45  psig,  a  blast  angle  of  70  degrees,  a  standoff  distance  of  7  inches,  and 
a  media  flow  rate  of  900  Ib/hr  were  used.  The  stripping  rate  was 
estimated  to  be  0.75  ft^/minute. 

Section  4  •  Topcoat  and  primer  left  intact  ••  unstripped  area. 

The  results  of  this  trial  are  shown  in  Figure  3.5-1. 

Finally,  on  the  uncoated  side  of  the  panel,  a  30-8econd  dwell  time  was  also 
evaluated.  In  this  area,  no  delamination  and  minimal  damage  to  the  gelcoat  was 
observed.  Overall,  the  results  of  this  scries  of  testing  were  very  promising. 

In  an  effort  to  evaluate  the  capabilities  of  with  noncontaminated  media,  a  third  series 
of  stripping  trials  was  undenaken.  These  trials  were  performed  on  a  2.5-foot  by  1- 
foot  graphite-epoxy  composite  panel  which  had  been  coated  on  both  sides.  The 
primary  objective  in  stripping  this  panel  was  to  eliminate  the  delamination  in  the 
fiber  layers  of  the  composite,  as  had  occurred  during  nonselective  stripping  in  the 
previous  trial.  Media  for  this  trial  was  carefully  chosen  and  handled  to  prevent  any 
contamination. 
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Figure  3J«1  Wheat  Starch  Blasting  • 
Various  Conditions 
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Using  the  same  blasting  parameters  as  in  the  previous  trial,  approximately  one  fourth 
of  one  side  of  the  test  panel  was  stripped  to  the  composite  surface.  Delaminadon  of 
the  first  ply  was  observed,  albeit  to  a  much  lesser  degree  than  the  previous  trial. 
Ogilvie  concluded  that  the  process  did  not  allow  for  complete  removal  of  the  topcoat 
and  primer  on  this  type  of  graphite-epoxy  composite  (Ogilvie  claims  to  have  had 
good  success  on  other  graphite-epoxy  con^sites). 

With  this  result,  the  remaining  7/8  of  the  panel  was  then  stripped,  using  the  primer 
layer  as  a  "flag"  with  very  good  results.  The  process  was  able  to  teiminate  stripping 
in  the  primer  layer  very  effectively,  and  at  a  stripping  rate  of  0.5  ft^/minute 
(Figure  3.5-2). 

Because  of  the  time  constraints  of  this  program,  mechanical  property  evaluations  of 
composite  panels  stripped  by  the  Envirostrip  system  were  not  able  to  be  performed. 
The  surface  generated,  however,  is  very  smooth,  typically  115  microinches  RMS. 

Conclusions 

The  Envirostrip  system  has  performed  well  in  these  trial  stripping  operations  and 
appears  to  be  a  promising  process  for  large-scale  aircraft  paint  removal  operations. 
The  control  of  the  system  is  very  good,  and  stripping  rates  are  reasonable. 

Mechanical  property  tesdng  on  panels  stripped  with  the  Envirostrip  process  should  be 
performed. 

3.6  Ice  Blasting 

Ixtal  Corporadon  (Victoria,  B.C.)  is  developing  an  ice  blasting  system  for  paint 
removal  applicadons.  The  system  was  originally  conceived  to  overcome  a  short¬ 
coming  of  CO2  pellet  blasdng  -  namely  the  inability  to  use  the  process  in  closed 
areas  because  of  vendladon  problems.  Ixtal  believes  the  system  has  shown  great 
promise,  and  are  especially  encouraged  by  the  nonabrasive  nature  of  this  technique 
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Figure  3S-2  Wheat  Starch  Blasting  Optimized 


(plexiglass  can  be  blasted  without  scratching).  Their  woilc  is  50%  funded  by  the 
Canadian  National  Defense,  and  they  are  currently  finalizing  the  commercialization  of 
the  process  with  General  Electric. 

The  system  operates  in  a  similar  manner  as  other  blasting  operations  (i.e.,  PMB, 
sodium  bicarbonate,  CO2  pellets,  etc).  IVpical  blasting  parameters  are  80  psig 
blasting  pressure,  6-  to  18-inch  standoff  distance,  45  gallons  of  water  per  hour  (for 
the  production  of  ice),  and  a  water  temperature  at  the  substrate  surface  of  32**F. 

Exact  setting  of  the  operating  parameters  for  a  given  application  is  critical  for  the 
successful  removal  of  coatings.  The  system  is  currently  operated  by  hand,  but  may 
be  redesigned  for  robotic  integration.  The  ice  "spheres"  (1-3  mm  in  diameter)  melt 
on  impact  and  subsequently  aid  in  washing  the  removed  paint  particles  from  the 
substrate.  A  key  objective  in  the  optimization  of  the  ice  blasting  process  is  to  deliver 
the  ice  to  the  substrate  surface  without  having  melted  the  ice  and  with  minimal 
super-cooling  (to  minimize  energy  costs).  Reportedly,  this  is  a  strong  point  of  their 
system,  as  they  have  successfully  transported  3'^''F  ice  through  150  feet  of  hose. 

Ixtal  claims  that  the  ice  blasting  process  has  successfully  removed  numerous  coatings 
from  a  variety  of  metal  and  composite  substrates,  including  the  standard  Air  Force 
epoxy  primer  and  urethane  topcoat  from  graphite-epoxy  composites.  The  removal 
has  been  performed  with  no  alteration  of  the  compo.*/ite  surface,  that  is,  the  "waffle" 
pattern  has  been  left  intact.  The  removal  mechanism  is  described  as  fracture,  and  not 
abrasion.  The  blend  of  1-  to  3'mm  ice  spheres  impacts  the  coated  surface.  The 
larger  ice  spheres  (3  mm)  initiate  cracking,  and  subsequently  the  smaller  spheres 
(1mm)  propagate  the  cracking  and  disbond  the  coating.  The  coatings  tend  to  disbond 
layer  by  layer.  Ixtal  theorize .  that  disbonding  occurs  between  the  layers  of  weakest 
attraction.  With  a  coated  graphite-epoxy  panel,  disbonding  tends  to  occur  at  the 
epoxy  primer/graphite-cpoxy  composite  interface,  perhaps  because  of  surface 
oxidation  and  contamination  from  the  atmospheric  exposure  of  the  composite  surface 


109 


prior  to  priming.  In  contrast,  the  urethane  topcoat  is  typically  applied  to  the  epoxy 
primer  within  a  few  hours  after  application  of  the  primer,  limiting  surface  problems. 
As  a  result,  stronger  bonds  form  at  the  primerAopcoat  interface. 

Because  of  the  novelty  of  the  development,  factors  such  as  waste  separation  and 
corrosion  have  not  been  thoroughly  investigated.  Ixtal  believes  that  flash-corrosion 
will  occur,  but  that  it  will  be  possible  to  treat  the  water  to  minimize  this  problem. 

Trial  stripping  of  test  panels  was  unable  to  be  performed  because  of  some  equipment 
problems  and  the  time  constraints  of  this  program. 

Conclusions 

The  qualities  of  the  system  which  have  been  reported  regarding  the  Ixtal  ice  blasting 
process  appear  desirable.  Paint  removal  on  aluminum  and  graphite-epoxy  test  panels 
should  be  evaluated.  With  successful  resulu  in  this  trial,  more  extensive  testing  •• 
large  composite  panels,  along  with  mechanical  property  tesdng,  should  also  be 
performed. 

3.7  Summary  of  Results  from  Key  Paint  Removal  Methods 
The  paint  removal  rates  and  the  resulting  surface  roughness  varied  substantially 
among  the  methods  investigated.  Table  3.7-1  summarizes  these  results,  as  well  as 
qualitative  observations  on  the  potential  effect  of  the  paint  removal  process  on  the 
composite  substrate. 
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Smnniftry  of  Results  from  Key  Pkint  Removal  Methods 
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4.0  Other  Paint  Removal  Technologies 

4.1  Cryogenic/Cryogenic  Abrasive 

Cryogenic  paint  removal  involves  the  application  of  a  cryogenic  liquid  nitrogen 
(•320^F)  onto  a  coated  substrate  for  the  purpose  of  embrittling  the  coating  and 
facilitating  the  removal  process.  A  complimentary  mechanical  process,  such  as  PMB 
or  sanding,  is  often  required  to  complete  Jie  removal  process.  There  are  two 
mechanisms  for  removal.  First,  the  paint  is  frozen  and  embrittled,  allowing  impact  or 
abrasion  operations  to  work  more  effectively.  Second,  there  is  thermal  contraction  of 
the  coating  which  is  a  maximum  at  the  surface  and  decreases  with  coating  depth  due 
to  the  temperature  gradient.  If  a  surface  coating  with  a  significantly  different  thermal 
expansion  from  the  substrate  is  present,  debonding  can  occur  as  a  result  of  the 
stresses  incurred  during  contracdon.  With  the  urethane  topcoat/epoxy 
primer/graphitc-epoxy  composite  system,  the  advantage  is  gained  by  embrittlement, 
not  differing  thermal  expansions.  However,  with  metal  substrates,  both  removal 
mechanisms  provide  contributions.  The  embrittlement  temperatiue  of  the  urethane 
topcoat  has  been  determined  to  be  around  30"F  (this  is  significantly  higher  than  the 
•1(X)"  to  *200®F  which  the  surface  is  estimated  to  reach  in  the  spray  application  of 
liquid  nitrogen).  At  temperatures  above  O^’C  (32^F),  the  urethane  topcoat  possesses 
an  elastomeric,  abrasion-resistant  nature.  However,  at  temperatures  below  O^C,  the 
urethane  topcoat  embrittles  and  becomes  less  abrasion-resistant.  The  effect  is  to  alter 
the  nature  of  the  polyurethane  topcoat  such  that  removal  by  a  secondary  means  is 
facilitated.  Another  advantage  of  the  system  is  the  minimal  waste  generated.  Upon 
warming,  the  liquid  nitrogen  evaporates,  leaving  behind  only  the  removed  coadng  and 
any  debris  from  a  complimentary  removal  method. 

Liquid  nitrogen  was  first  used  as  a  paint  removal  method  on  the  Statue  of  Liberty 
restoration  project  during  1984  through  1986.  The  Linde  Division  of  Union  Carbide 
Corporation  was  responsible  for  development  of  the  cryogenic  system  used  on  the 
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Statue  of  Liberty.  The  process  worked  very  effectively  on  the  Statue  of  Liberty  for 
several  reasons; 

1.  Surface  coatings  were  very  thick,  as  up  to  seven  layers  of  various  paints, 
including  vinyls  and  old  lead-based  paint,  were  present; 

2.  Elective  embrittlement;  and 

3.  The  difference  in  thermal  expansion  coefficients  between  the  paint  and  the 
copper  skin. 

The  coadngs,  in  many  cases,  were  easily  removed  by  brushing  after  exposure  to 
liquid  nitrogen.  Union  Carbide  is  no  longer  involved  with  cryogenic  paint  removal. 

Air  Products  and  Chemicals,  Inc.,  Industrial  Gas  Divisbn  of  Allentown,  Pennsylvania 
has  a  proprietary  process  for  the  cryogenic  removal  of  coatings  which  also  involves 
media  blasting.  Panels  painted  with  the  polyurethane  and  epoxy  primer  were 
submitted  to  Air  Products  for  a  preliminary  screening.  Results  indicated  that  their 
system  is  not  aggressive  enough  to  remove  the  paint  at  an  acceptable  rate. 

Wisconsin  Alumni  Research  Foundation  (WARF)  of  Madison,  Wisconsin  has  been 
issued  a  patent  concerning  the  "Renx>val  of  Built-up  Layers  of  Organic  Coatings." 
The  process  utilizes  the  application  of  an  unspecified  liquified  inert  gas  onto  the 
coated  substrate.  This  is  followed  by  an  abrasion  or  impact  method  to  complete 
removal. 

AGA  Gas  of  Cleveland,  Ohio  and  Lantech  of  Warsaw,  Wisconsin  utilize  a  dipping 
process  for  paint  removal.  Parts,  typically  small  and  metallic,  are  dipped  in  a  tank  of 
liquid  nitrogen.  The  surface  coating  is  embrittled  at  -320‘’F,  and  upon  removal  from 
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the  tank,  any  unremoved  paint  is  dislodged  by  a  second  method  such  as  brushing, 
chipping  or  blasting.  Obviously,  the  dipping  process  is  not  feasible  for  coating 
removal  on  aircraft.  However,  many  of  the  same  effects  can  be  achieved  in  a  spray- 
applied  cryogenic  removal  operation. 

Laboratory  Testing 

Preliminary  experiments  were  conducted,  comparing  removal  rates  by  hand  sanding 
on  aluminum  panels  which  had  no  cooling,  and  those  which  had  been  1)  cooled  with 
dry  ice  and  2)  cooled  with  a  stream  of  liquid  nitrogen.  The  dry  ice  exposure 
increased  removal  rate  by  about  three  times,  while  the  liquid  nitrogen  exposure 
produced  an  unmeasured  but  definite  increase  in  rate.  A  second  benefit  of  these 
cryogenic  applications  is  the  substantially  reduced  heating  effects  of  the  sanding 
operation.  Because  of  the  potential  advantage  of  such  a  system,  it  was  decided  to 
more  thoroughly  investigate  the  concept  of  a  cryogenic  abrasive  paint  removal 
system. 

Cryogenic  abrasive  paint  removal  is  a  two-phase  removal  process.  First,  a  cryogenic 
liquid  is  applied  locally  to  the  surface  from  which  the  paint  is  to  be  removed. 
Immediately  after  tliis,  an  abrasive  system,  similar  to  that  described  in  Section  3D,  is 
passed  over  the  surface  to  mechanically  remove  the  paint.  The  first  step  in  our 
evaluation  of  the  cryogenic  abrasive  system  was  to  identify  appropriate  equipment 
and  develop  it  for  this  application.  The  focus  of  this  work  was  on  the  cryogenic 
aspects  of  this  system.  That  is,  much  of  the  abrasive  aspects  (i.e.,  sanders,  backup 
pads,  abrasive  discs  and  pads,  etc.)  had  been  developed  in  the  abrasive  removal 
program  (Section  3D)  and  applied  reasonably  well  in  this  program.  The  details  of 
this  work  are  presented. 
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Equipment 

The  first  step  in  cryogenic  abrasive  removal  was  the  identification,  modification,  and 
development  of  appropriate  equipment  With  an  emphasis  on  obtaining  equipment 
which  was  as  ponable  and  nonrestricdve  as  possible,  equipment  for  the  deliveiy  of 
liquid  nitrogen  (-320**F)  to  the  sender  was  developed  in  coordination  with  WESCO 
(Welders  Supply  (Company)  of  Billerica,  Massachusetts.  The  liquid  nitrogen  delivery 
system  was  comprised  of  their  standard  NL230  liquid  nitrogen  tank  and  a  flexible. 
1/2-inch  I.D.  stainless  steel  supply  line  which  was  insulated  with  urethane  foam  pipe 
insulation.  The  pipe  insulation  was  a  temporary  insulator  for  our  trial  laboratory 
experiments.  Standard  insulated  flexible  liquid  nitrogen  lines  exist  at  a  significantly 
higher  cost.  In  addition,  WESCO  also  supplied  clothing  (i.e.,  gloves  and  aprons)  to 
protect  operators  from  the  cryogenic  materials  and  splashes  created  by  the  sanders. 
Our  initial  plan  was  to  deliver  the  liquid  nitrogen  through  the  water  inlet  line  of  a 
Dynabrade  3()00-RPM  wet/dry  sander,  with  the  only  modification  being  the  necessary 
insulation  of  various  portions  of  the  sander.  The  water  inlet  line  delivers  the  liquid 
through  the  shaft  of  the  sander  and  subsequently  the  center  of  the  abrasive  disc.  This 
approach  was  generally  not  successful  for  the  following  reasons: 

1.  In  order  to  provide  liquid  nitrogen  (as  opposed  to  gaseous  nitrogen)  from  the 
sander,  the  liquid  nitrogen  had  to  be  run  through  the  sander  for  IS  to  20  minutes 
to  provide  adequate  cooling  of  the  sander. 

2.  The  internal  gears,  bearings,  and  other  moving  parts  firoze,  greatly  reducing 
rotational  speed  and  power  of  the  sander. 

3.  Leaks  occurred  internally  because  of  contraction  differences  of  various  parts. 

4.  Stiffening  and  embrittlement  of  backup  pads  and  surface  conditioning  pads 
occurred.  In  addition,  the  pressure  sensitive  adhesive  used  to  hold  the  coated 
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abrasive  discs  to  the  backup  pad  completely  lost  tack  when  chilled,  causing  the 
discs  to  fall  off. 

As  a  lesult,  modificaiions  were  made  to  segregate  the  liquid  nitrogen  line  from  the 
Sander.  'This  was  achieved  by  attaching  a  well  insulated  parallel  line  to  the  sander. 
The  feed  line  was  split  near  the  shaft  of  the  sander  and  directed  along  each  side  of 
the  outside  edge  of  the  abrasive  disc,  terminating  about  1/2  inch  above  the  substrate 
surface.  This  provided  distribudon  of  coolant  on  both  sides  of  the  sanding  disc  to 
accommodate  the  back  and  fortli  direcdon  of  sander  travel.  These  modificadons 
allowed  fot  better  control  of  the  liquid  nitrogen  delivery  to  the  removal  surface  and 
also  eliminated  the  need  for  any  "chill-down"  dme  for  the  sander.  In  addidon,  none 
of  the  working  parts  of  the  sander  were  affected  by  this  design. 

However,  stiffening  of  ihe  backup  pads  still  existed,  although  to  a  much  lesser 
degree.  Testing  was  performed  to  identify  the  backup  pad,  which  would  provide  the 
best  level  of  softness  and  flexibility.  Durometer  readings  for  backup  pads  at  room 
temperature  and  after  liquid  nitrogen  exposure  are  presented  in  Table  4.1*1.  Paint 
removal  trials  with  these  backup  pads  indicated  that,  as  in  abrasive  removal,  the 
softer,  more  flexible  backup  pads  provided  the  most  control.  A  second  phenomenon 
which  commonly  occurred  with  the  backup  pads  used  in  cryogenic  abrasive  removal 
was  stress  cracking  of  the  plastic  plate  to  which  the  foam  was  bonded.  The  3M 
No.  57  backup  pad  was  the  only  tested  pad  which  did  not  stress  crack.  Fortunately, 
it  was  also  the  softest  pad  and  provided  good  control  with  the  cryogenic  system.  As 
a  result,  the  backup  pad  of  choice  for  cryogenic  abrasive  paint  removal  was  the  3M 
No.  57  pad. 

Screening  Tests 

All  testing  was  performed  on  6"  x  12",  12-ply,  0/90  coated  composite  panels. 
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Table  4.1-1 


Shore  D  Durometer  Readings 
Room  Temperature  vs.  Liquid  Nitrogen  Temperature 


Backup  Pad  No. 

Type 

PajL. 

Room 
Temp. 
Shore  D 

Liquid 
Nitrogen 
Shore  D 

Adverse  Effects 

Ferro  -  GP  915U 

S.CP.' 

20 

55 

Stress  cracks 

Ferro  -  GP  35 

S.C.P.‘ 

14 

60 

Stress  cracks 

3M  -  No.  57 

S.CP.' 

10 

40 

None 

Ferro  -  2 

C.A.D.2 

10 

45 

Stress  cracks 

Ferro  -  3 

C.A.D.2 

17 

80 

Stress  cracks 

Ferro  -  60655V 

C.A.D.2 

15 

85 

Stress  cracks 

Ferro  -  805L 

CA.D.i 

8 

50 

Stress  cracks 

Ferro  -  885L 

C.A.D.2 

10 

55 

Stress  cracks 

'S.C.P.  =  surface  conditioning  pad. 

^.A.D.  =  coated  abrasive  disc. 

NOTE:  3M  -  No.  57  was  the  only  backup  pad  that  did  not  stress 
crack  upon  chilling  at  liquid  nitrogen  temperatures. 


117 


Initial  testing  of  the  cryogenic  abrasive  paint  removal  system  utilized  the  modified 
3000-RPM  wet/dry  sander,  the  3M  No.  57  backup  pad  and  various  surface 
conditioning  pads.  (Surface  conditioning  pads  attached  to  backup  pads  with  a 
"Velcro"  type  system.  Coated  abrasive  discs  could  not  be  used  at  this  time  because 
of  a  loss  in  adhesion  of  the  pressure'sensidve  adhesive  with  cooling.)  Best  results 
with  surface-conditioning  pads  were  realized  with  the  following: 

•  First  cut.  Beartex  (Nonon)  medium  grade  with  3M  No.  57  backup  pad,  and 

•  Second  cut,  Scotchbrite  (3M)  very  fine  grade  with  3M  No.  57  backup  pad. 

The  cryogenic  system  removed  an  approximate  40  in^  of  topcoat  in  32  seconds.  In 
comparison,  the  identical  wet  sanding  system  removed  approximately  33  in^  of 
topcoat  in  30  seconds.  The  cryogenic  system  showed  an  increase  in  stripping  rate 
over  the  wet  system,  however,  control  with  the  cryogenic  system  was  somewhat  less. 

At  this  point,  the  performance  of  a  less  cold  cryogenic  source  was  investigated. 

Since  a  temperature  of  -10*’C  would  effectively  embrittle  the  urethane  topcoat,  use  of 
liquid  nitrogen  at  -320*’F  appeared  to  be  extrenw.  It  was  also  possible  that  such  low 
temperatures  would  produce  undesirable  stresses  within  the  composite  panel.  As  a 
result,  a  chilled  nitrogen  gas  system  was  developed,  using  a  heat  exchanger  consisting 
of  a  coil  of  tubing  immersed  in  a  liquid  nitrogen  bath.  Dry  nitrogen  gas  flowed 
through  the  immersion  coil  and  subsequently  lead  to  the  sander  through  an  insulated, 
flexible,  stainless-steel  line.  The  external  delivery  system  at  the  sander  was  not 
changed.  Initial  testing  of  the  system  showed  that  chilled  nitrogen  gas  is  capable  of 
exiting  the  sander  at  -70^C.  Composite  panel  surface  temperatures  of  between  •20°C 
and  -30*’C  were  measured  during  testing. 
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A  new  abrasive  disc,  3M  •  2S9F  Three-M-ite  resin  bond  cloth  or  the  Multicut  system, 
was  introduced  at  this  time.  This  product,  with  its  "hook-and-loop"  attaching  system, 
enabled  coated  abrasive  discs  to  be  successfully  tested  with  the  cryogenic  system. 
Dramatic  improvements  over  the  surface  conditioning  pad  systems  were  observed  for 
both  stripping  rates  and  control.  This  system  was  evaluated  on  both  the  3000  RPM 
and  the  800  RPM  sander.  Testing  indicated  that  both  Sanders  provided  equally  good 
levels  of  control,  with  the  3000  RPM  sander  producing  higher  stripping  rates.  For 
these  reasons,  subsequent  testing  was  performed  with  the  3000-RPM  sander. 

Using  the  120  grade  Multicut  system  with  the  3000-RPM  sander  and  3M  No.  57 
backup  pad,  a  direct  comparison  of  the  chilled  nitrogen  gas,  the  liquid  nitrogen,  and 
the  conventional  wet  sanding  .;ystems  was  performed.  These  tests  indicated  that  the 
chilled  nitrogen  gas  provided  higher  stripping  rates  than  the  liquid  nitrogen  system. 
However,  conventional  wet  sanding  provided  the  best  stripping  rates.  This 
phenomenon  was  not  seen  prior  to  the  use  of  the  Multicut  system,  and  results  may 
differ  with  larger,  more  realistic-sized  panels.  Control  was  good  with  all  three 
systems.  The  results  are  summarized  in  Table  4.1-2. 

In  an  effort  to  more  evenly  disperse  the  chilled  nitrogen  gas  onto  the  composite 
panel,  a  manifold  nozzle  system  was  installed  on  the  Dynabrade  3000'RPM  wet 
sander.  The  manifold  nozzle  consists  of  two  1/4-inch  copper  tubes,  each  2-1/2  inches 
long.  The  tubes  were  curved  to  follow  the  outer  circumference  of  the  abrasive  disc, 
and  situated  on  either  side  of  the  abrasive  disc.  Each  tube  has  a  series  of  small  holes 
along  the  bottom  to  direct  the  chilled  nitrogen  gas  downward  onto  the  composite 
surface. 

Initial  testing  of  this  system  indicated  that  the  dispersion  of  chilled  nitrogen  gas 
needed  to  be  increased  further  (i.e,,  manifolds  positioned  further  away  from  the  disc, 
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Table  4.1-2 


Cryogenic  Abrasive  Removal  Rate  Comparisons 


Abrasive 

Removal 

Method 

Approx. 

Surface 

Temperature 

CC) 

Sanding 

Time 

(Sec) 

Area  of 

Topcoat 

Removed 

(In*) 

Sanding 

Control 

Damage 

to  Disc 

Liquid 

Nitrogen 

-140 

22 

36 

Good 

None 

Convendonal, 

Wet 

10* 

12 

47 

Good 

None 

Refngerated 

Nitrogen 

(Fanned  tube 

nozzles) 

-20 

16 

36 

Good 

None 

Refrigerated 

Nitrogen 

(Manifold 

system) 

-10 

20 

30 

Good 

None 

All  methods  used  Dynabrade  300&-RPM  sander  with  3M  No.S7  backup  pad  and  120 
grade  Muldcut  disc. 

*Cold  tap  water  temperature. 
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longer  tubes,  more  holes,  etc.)-  Further  modifications  were  made  to  the  manifold 
nozzles  on  the  cryogenic  sander,  distributing  chilled  nitrogen  gas  more  uniformly  to 
the  paint  removal  surface.  This  was  accon^lished  by  increasing  the  number  of  outlet 
holes  and  directing  the  spray  down  and  outward  away  from  the  sanding  disc.  The 
result  of  these  changes  created  a  very  broad  spray  pattern,  cooling  a  much  greater 
area.  Our  conclusions  of  the  manifold  nozzle  system  are: 

•  The  system  has  been  optimized.  Chill  down  of  the  painted  surface  is  more 
uniform  and  covers  a  broader  area. 

•  Trials  showed  no  change  in  removal  rate  for  the  manifold  nozzle  system  over  the 
fanned  tube  nozzle. 

•  No  gain  in  sanding  control  was  noticed. 

•  The  manifold  addition  made  the  sander  more  awkward  (e.g.,  it  would  be  difficult 
to  maneuver  in  tight  comers). 

1  he  results  of  this  system  compared  to  other  abrasive  removal  methods  are 
summarized  in  Table  4.1-2. 

For  the  purposes  of  this  program,  the  cryogenic  abrasive  system  has  been  optimized. 
The  preferred  system  is  the  Dynabrade  3000-RPM  sander  outfitted  with  the  fanned 
tube  nozzles,  3M  120  grade  Multicut  disc,  and  3M  No.  57  back-up  pad.  Chilled 
nitrogen  gas  is  dispersed  at  a  temperature  between  -SO**  and  -70^C,  cooling  the  paint 
removal  surface  to  approximately  -20°C  concurrent  to  the  sanding  operation. 
Unfonunately,  the  performance  of  this  system  on  graphite-epoxy  composites  was 
slightly  inferior  to  that  of  the  optimized  wet  abrasive  system.  The  flexural  and  shear 
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strength  measurements  show  no  statistically  significant  decrease  as  a  result  of  this 

process  (Rgure  4.1-1). 

Conclusions 

1.  Overall,  the  cryogenic  abrasive  system  did  not  demonstrate  better  performance  on 
graphite-epoxy  composites  than  the  wet  abrasive  system.  As  such,  the  added 
complexity  of  the  cryogenic  system  is  not  wananted  for  this  application. 

2.  The  chilled  nitrogen  gas  system  with  the  120  grade  Muldcut  disc,  3000-RPM 
Sander,  and  3M  No.  37  backup  pad  provided  the  most  elective  stripping  rates 
and  control. 

3.  The  chilled  nitrogen  system  ('70**Q  was  more  effective  than  the  liquid  nitrogen 
system  (-320®F). 

4.  Test  results  of  abrasive  discs  and  pads  parallel  those  found  with  abrasive  paint 
removal.  That  is.  the  relative  ratings,  based  on  stripping  rates  and  control,  of  the 
discs  and  pads  were  essentially  the  same. 

5.  The  softer,  more  flexible  backup  pads  provided  the  highest  level  of  control. 

6.  The  3000-RPM  sander  provided  higher  stripping  rates  with  similar  control  in 
comparison  to  the  800-RPM  sander. 

7.  Condensing  gases  on  the  surface  of  the  composite  panel  creates  some  vision 
problems.  A  low  dew  point  environment  is  desirable. 
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Figure  4.1-1  Cryogenic/Abrasive  Paint  Removal 
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8.  Paint  removal  on  larger  surface  areas  should  provide  improved  results  because  of 
more  even  cooling  of  the  coated  surface,  less  movement  and  vision  constraints, 
and  the  ability  to  use  a  larger  abrasive  disc. 

4.2  Waterjet  Blasting 

Wateijet  technology  utilizes  high«pressure  water  to  erosively  transform  materials  and 
surfaces.  Systems  are  available  which  are  capable  of  cutting  or  drilling  numerous 
materials  such  as  concrete,  rubber,  various  plastics,  printed  circuit  boards,  particle 
board,  and  even  cardboard.  Wateijets  are  also  successfully  used  as  cleaning 
equipment  for  removal  of  materials  such  as  rust,  corrosion,  rubber,  and  some  paints. 
Overall,  these  systems  are  well  developed  for  cutting  applications  and  work 
effectively  when  cleaning  is  performed  on  durable  materials.  The  concept  of  using 
wateijeu  as  precision  removal  instruments  on  more  delicate  substrates  is  relatively 
new,  and  with  relatively  few  exceptions,  has  not  been  extensively  investigated.  The 
main  advantages  of  wateijeu  include:  no  organic  solvenu,  water  can  be  recycled 
which  minimizes  waste,  and  relatively  safety  and  inexpensive  operation. 

Tracor  Hydronautics  of  Laurel,  Maryland,  has  done  considerable  work  specific  to 
precision  coating  removal  by  wateijet.  In  1982  they  reported  on  "Self-Resonating 
Pulsed  Wateijeu  for  Aircraft  Coating  Removal:  Feasibility  Study"  for  the  Office  of 
Naval  Research.  Coatings  were  removed  using  a  ServojeL  This  is  a  pulsed,  self- 
resonadng,  high-pressure  wateijet  which  is  disrupted  into  a  discrete  train  of  well- 
organized  slugs  through  passive  acoustic,  self-excitation  of  the  jet.  This  produces  the 
following  effects:  a  larger  initial  impact  stress,  because  of  the  water-hammer  effect: 
larger  outflow  velocities,  which  aid  the  material  removal  processes;  an  increased  area 
of  impact;  and  shon-duradon,  cyclic  loadings,  which  serve  to  more  efflciendy  interact 
with  naturally  occurring  material  flaws  and  enhance  debonding  of  surface  adherents. 
Using  a  0.10-inch  Servojet  nozzle  and  operadng  at  pressures  of  about  5,000  psi,  the 
system  was  able  to  remove  the  MIL-C-83286  polyurethane  topcoat  from  aluminum 
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and  graphite/epoxy  panels.  Results  on  aluminum  panels  were  reported  to  be  very 
positive,  while  results  on  composites  were  found  to  be  inconclusive  due  to  large 
discrepancies  in  paint  and  material  properties.  "Removal  of  Paint  from  Aircraft 
Surfaces  using  Servojet  Self-Resonating  Pulsed  Wateijets:  A  Stanis  Repon"  of 
November  1987  reports  on  the  optimization  of  parameters  for  the  Servojet  for 
stripping  Pratt  and  Lambert's  "Jet  Olo"  polyurethane  topcoat  and  MIL-Spec-724-222 
yellow  epoxy  primer  from  aluminum  and  graphite-epoxy  panels.  Parameters  that 
were  varied  were  nozzle  size  and  configuration,  standoff  distance,  nozzle  pressure 
drop,  flow  rate  through  the  nozzle,  and  traversing  rate  of  the  nozzle.  Optiroum 
operating  for  removal  of  the  topcoat  only  was  found  using  the  following  parameters: 


Nozzle  size  and  type  0.081  in.  round 

Pressure  drop,  Ap.  psi  7,500 

Flow  rate,  Q,  gpm  1 1.0 

Hydraulic  power,  P,  hp  47.9 

Traversing  rate,  v,  inVs  1.0 

Standoff  distance,  X,  in.  3.0 

Cleaned  path  width,  w.,  in.  0.87 

Paint  stripping  rate,  A,  ft^/hr.  21.8 

Area  cleaning  effectiveness,  ft^^p•hr.  0.45 


Hydronautics  found  that  some  surface  attack  occurred  on  the  composite  panels  and 
that  these  preliminary  results  indicated  that  the  Servojet  nozzles  could  be  used  for 
coating  removal  on  graphite/epoxy  composites. 

ADMAC  of  Kent,  Washington,  possesses  a  line  of  wateijet  equipment  which  is 
typically  used  in  heavy-duty  industrial  cutting  and  cleaning  operations.  These 
waterjet  systems  typically  operate  at  pressures  up  to  35,000  psi.  They  can  operate  as 
either  high-pressure/Iow-volume  or  low•pressure^igh•volulne  systems.  ADMAC  has 
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achieved  success  in  some  paint  removal  operations  from  metals,  but  to  date  their 
limited  testing  on  composites  has  been  unsuccessful.  ADMAC  has  also  done  work 
with  carbon  dioxide  pelbt  blasting. 

Other  companies  such  as  NLB  Corporation  of  Wixom,  Michigan;  Hammelmann 
Corporation  of  Da>’ton,  Ohio;  and  Wakatsuki  Technology  International  of  San  Rafael. 
California,  have  had  limited  success  with  various  paint  removal  operations  but  have 
not  attempted  precision  coating  removal  on  composite  materials. 

Conclusions 

Because  of  potential  for  corrosion,  water  intrusion,  and  high  blasting  pressures,  as 
well  as  a  lack  of  demonstrated  performance  on  composite  materials,  it  was  jointly 
jjdecided  that  wateijet  blasting  is  not  an  appropriate  paint  removal  technique  for 
military  aircraft. 

4.3  Thermal  Stripping 

This  technique  utilizes  heat  to  soften  the  coating  and  faciliuite  rerjoval.  A 
complimentary  mechanical  operation,  such  as  scraping,  abrading,  or  blasting,  is 
required  to  perform  the  physical  coating  removal.  Heating  must  be  performed  at 
levels  low  enough  to  prevent  any  damage  to  the  underlying  composite  materials. 

Air  Product  and  Chemicals  has  a  proprietary  process  for  paint  removal,  involving 
thermal  decomposition  by  gases  at  precisely  controlled  temperatures  from  190- 
.  260*’C.  Coated  panels  were  submitted  to  Air  Products  for  a  screening  evaluation. 
Results  indicated  that  their  process  does  not  facilitate  the  renxrval  of  the  urethane 
topcoat  The  only  transformation  observed  was  a  substantial  darkening  of  the 
epa^g. 
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Brisk  Heat  Corporation  of  Columbus.  Ohio  manufactures  a  line  of  electrically 
powered  heated  tapes  and  blankets.  These  products  are  capable  of  being  heated  up  to 
temperatures  of  1200**F.  Heated  tapes  are  available  in  widths  up  to  3  inches  and 
lengths  up  to  12  feet  The  blankets  are  relatively  expensive,  and  would  likely 
warrant  multiple  use.  Heated  blankets  are  available  in  sizes  up  to  24  feet  by  24  feet 
The  military  currently  uses  these  blankets  for  curing  operations  with  certain 
composite  fabrications. 


Testing 

A  7075 'Td  aluminum  panel  coated  with  epoxy  primer  and  polyurethane  topcoat  was 
placed  in  an  oven.  The  panel  was  exposed  to  increasing  temperatures  from  S0°C 
(122®f0  up  to  180“C  (365®F).  The  softening  of  the  coating  was  evaluated  after  every 
'lO^C  increase  in  temperature  by  forcing  the  pointed  tip  of  a  spatula  into  the  coating. 
Significant  softening  occurred  at  approximately  1 10®C  (230®F).  At  this  point,  it 
became  much  easier  to  penetrate  the  topcoat  and  to  remove  a  significantly  higher 
amount  of  topcoat  than  primer.  Further  increases  in  temperature  produced 
insignificant  increases  in  the  softening  of  the  topcoat. 


Finally,  the  panel  was  cycled  six  rimes  between  room  temperature  and  180®C  (356‘’F) 
to  observe  the  effect  of  multiple  hearings.  The  test  determined  that  heat  cycling  at 
these  temperatures  produced  no  facilitation  of  coating  removal.  The  coating  was  just 
as  difficult  to  remove  at  room  temperature  or  ISO^C  after  one  cycle  as  it  was  after 
six  cycles. 

Conclusions 

The  primary  composite  used  on  aircraft  is  the  350^F  epoxy/graphite  system  with  heat 
distortion  temperature  in  the  rage  of  370"  to  400"F.  Thermal  techniques  can  readily 
exceed  this  temperature  in  localized  areas.  Other  materials  (fuels,  plastics,  etc.)  are 
also  present  on  military  aircraft  which  could  be  damaged  by  a  thermal  removal 
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process.  In  addition,  no  significant  advantage  in  coating  removal  was  observed.  As 
a  result,  thermally  assisted  paint  removal  from  composites  on  military  aircraft  was 
determined  to  be  inappropriate. 

4.4  Alternative  Solvents 

Solvents  remove  paint  as  a  result  of  chemical  transformation  and/or  swelling  of  the 
polymer  binder  system.  In  paint  removal  applications,  solvents,  typically  methylene 
chloride,  are  applied  by  spraying  or  brushing,  and  allowed  to  soak  into  the  coating. 
Mechanical  methods,  such  as  scraping,  are  commonly  used  to  remove  the  loosened 
paint.  This  tends  to  be  a  very  messy  and  labor-intensive  operation.  Another  key 
considerarion  concerning  paint  removal  with  solvents  is  volatiles  emitted.  Regulations 
limiting  emission  amounts  of  volatile  organics  have  become  increasingly  stringent.  In 
addition,  solvents  often  possess  various  types  of  health  hazards.  Finally,  disposal  of 
paint  containing  solvents  produces  several  problems,  since  they  must  be  treated  as 
hazardous  waste. 

In  a  previous  study  of  alternative  solvents,  the  Naval  Air  Development  Center  of 
Warminster,  Pennsylvania  investigated  the  use  of  Type  I  phenolic  and  Type  II  non- 
phenolic  versions  of  MIL-R-81294  (see  Table  4.4-1  for  compositions)  in  stripping 
MIL-C-83286  polyurethane  topcoat  and  -P-23377  epoxy  primer  on  graphite- 
epoxy  composites. 
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Table  4.4-1 


MIL-R-81294  Paint  Remover  Compositions 


(Weight  Percent) 

Type  I  nienolic 

Type  11  Non-Phenolic 

Methylene  Chloride 

71 

75 

Phenol 

20 

0 

Water 

4 

2 

Other  Solvents 

0 

10 

Additives 

5 

13 

Results  of  this  study  indicated  that  MIL-R-81294  causes  a  statistically  significar* 
decrease  in  the  physical  properties  of  composite  materials  under  simulated  rework 
conditions.  This  deleterious  effect  was  concentrated  at  the  composite  surface  directly 
exposed  to  the  paint  stripper.  The  conclusion  was  that  graphite-epoxy  composite 
structure  should  not  be  exposed  to  MIL-R-81294  paint  stripper. 

In  this  program,  we  conducted  an  investigation  of  solvent  alternatives  to  methylene 
chloride.  Four  commercial  solvents  were  identified  which  were  considered  to  have 
removal  potential  and  to  be  relatively  safe.  These  were  Kodak  Ektapro  EEP  (ethyl  3- 
ethoxypropionate),  Fine  Organics  FO  21  ISA,  N-methyl  pyrrolidone,  and  ethylene 
carbonate. 


The  ability  of  each  of  these  solvents  to  remove  topcoat  and/or  primer  was  compared 
to  methylene  chloride  using  coated  aluminum  panels.  Solvents  were  applied  at  room 
temperature  to  a  small  area  of  the  test  panels.  At  regular  intervals,  the  degree  of 
penetration  into  the  coatings  was  checked.  The  following  results  were  obtained: 
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1.  Methylene  Chloride  was  found  to  be  very  aggressive.  Removal  of  topcoat  and 
primer  tc  .  are  metal  was  achieved  in  several  minutes.  After  about  one  hour,  most 
areas  of  the  coating  blistered  and  completely  disbonded  from  the  aluminum. 

2.  Kodak  Ektapro  EEP  (ethyl  3*ethoxypropionate)  was  mildly  aggressive. 

Penetration  through  the  urethane  topcoat  occurred  in  about  one  and  one-half 
hours,  while  penetradon  through  the  epoxy  primer  occurred  after  two  hours. 

3.  Fine  Organics.  FO  21  ISA  was  moderately  aggressive.  Penetradon  through  the 
urethane  topcoat  occurred  in  one  hour,  while  penetradon  through  the  epoxy 
primer  occurred  in  about  two  hours. 

4.  N-methyl  pyrrolidone  was  moderately  aggressive.  Penetradon  through  the 
urethane  topcoat  occurred  in  45  minutes,  while  penetradon  through  the  epoxy 
primer  occurred  in  one  hour. 

5.  Ethylene  Carbonate  is  a  solid  at  room  temperature  and  noelts  at  about  95*’F, 
which  presents  certain  advantages  as  well  as  disadvantages.  In  order  to  liquify  the 
ethylene  carbonate,  the  test  panel  was  placed  in  an  oven  at  1  IT^F.  Upon  meldng, 
the  ethylene  carbonate  was  moderately  aggressive,  as  the  urethane  topcoat  was 
penetrated  in  about  one  hour,  while  penetradon  through  the  epoxy  primer 
occurred  in  about  one  and  one-half  hours.  In  an  attempt  to  take  advantage  of 
ethylene  carbonate’s  solid  nature  at  room  temperature  and  contain  its  solvent 
release,  the  ethylene  carbonate  was  covered  with  various  solvent-resistant  tapes 
(vinyl,  ultra-high  molecular  weight  polyethylene,  nylon,  and  polyethylene).  The 
samples  were  placed  in  an  oven  at  117**F  for  two  hours.  Upon  their  removal,  the 
following  observations  were  made; 
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1.  The  ethylene  carbonate  tended  to  move  to  the  outer  perimeter  of  the  area 
under  the  tape,  leaving  a  void  in  the  center  portion. 

2.  The  topcoat  and  primer  were  easily  removed  when  scraped  immediately  after 
removal  from  the  oven,  but  became  more  difficult  after  the  ethylene 
carbonate  had  resolidified. 

3.  No  damage  or  softening  was  observed  to  any  of  the  tape  backings,  although 
the  vinyl  and  nylon  did  develop  small  leaks  because  of  an  ineffective  bond  to 
the  coated  panel. 

The  low-level  headng  which  was  required  by  the  ethylene  carbonate  could  be 
accomplished  on  aircraft  using  heated  tapes  and  blankets.  These  heating  devices  are 
available  through  Brisk  Heat  Coiporadon  of  Columbus,  Ohio. 

Conclusions 

No  solvent  system  was  as  aggressive  as  methylene  chloride.  Distinct  differences  in 
penetradon  dmes  for  the  urethane  topcoat  and  epoxy  primer  were  observed. 

However,  selecdve  removal  of  the  topcoat  would  require  careful  monitoring  of  the 
exposure  dme  and  exacting  knowledge  of  the  underlying  coadng(s).  Ethylene 
carbonate  showed  potenual  as  a  material  which  could  be  contained  to  prevent  voladle 
emissions  and  removed  as  a  solid  waste,  but  not  without  addidonal  processing  steps  • 
-  covering  and  headng.  No  solvent  has  been  idendfied  which  would  overcome  the 
messiness  of  the  operadon  or  the  disposal  problem.  Overall,  altemadve  solvent 
systems  are  not  a  viable  paint  removal  option. 

4,5  Ultrasonic  Paint  Stripping 

Everything  that  makes  a  sound  vibrates,  and  everything  that  vibrates  makes  a  sound; 
however,  not  all  sounds  are  audible.  Ultrasound  literally  means  sound  beyond  the 
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audible  spectrum.  18,000  Hz  is  approximately  the  limit  of  human  hearing,  as  such 
ultrasonics  refers  to  sound  above  18,000  Hz. 

Ultrasonics  came  of  age  after  World  War  n  with  the  introduction  of  ultrasonic  flaw 
detection  equipment;  ultrasonic  cleaning  and  degreasing  followed,  and,  with  broad 
industrial  acceptance,  many  new  applications  for  ultrasonic  energy  were  found.  The 
ultrasonic  welding  of  rigid  thermoplastic  emerged  in  the  mid- 1 960’ s. 

The  essential  components  required  to  apply  ultrasonic  energy  are  the  power  supply, 
converter,  booster  horn,  horn,  and  assembly  stand.  The  power  supply,  or  ultrasonic 
generator,  supplies  high-frequency  electrical  energy  to  the  converter,  a  component 
that  changes  electrical  energy  into  mechanical  vibratory  energy.  Attached  to  the 
converter  is  an  amplitude-modifying  device,  or  booster  horn,  which  can  either 
increase  or  decrease  the  amplitude  of  vibration  supplied  to  the  horn,  the  tool  that 
transmits  the  ultrasonic  energy  to  the  part. 

The  weld  power  generated  in  plastic  depends  primarily  on  the  velocity  of  the 
ultrasonic  horn  contacting  the  pan.  This  velocity  is  an  alternating  current  in  electric 
machinery.  Horn-face  velocity  is  proportional  to  the  product  of  horn-face 
displacement  amplitude  and  operating  frequency.  For  a  constant  frequency  of 
operation,  horn-face  velocity  varies  directly  with  face-displacement  amplitude. 

The  mechanical  vibratory  power  delivered  to  the  part  is  a  product  of  horn  velocity 
and  the  reaction  force  to  the  horn  movement  produced  by  the  pan.  Within  limits,  this 
reaction  force  is  related  to  the  clamping  pressure  applied  to  the  pan  and  is  also  a 
function  of  the  weld  area  and  the  material  welded.  While  the  mechanical  power  flow 
into  the  workpiece  is  determined  by  the  force-velocity  product  alone,  for  optimum 
results  each  ultrasonic  application  also  requires  a  specific  force-velocity  ratio  or  a 
selection  of  horn  velocity  amplitude  best  suited  for  the  job.  The  energy  required  to 


accomplish  a  weld  is  the  product  of  the  average  power  dissipated  in  the  joint  and  the 
weld  time. 

At  ultrasonic  frequencies,  considerable  anaounts  ai  power  are  imparted  to  the  load 
without  the  application  of  large  displacements  or  forces.  One  kilowatt  of  power 
supplied  to  an  ultrasonic  horn  vibrating  20,000  times  per  second  through  a  distance 
of  O.OOS  inch  (0.127mm)  requires  a  load  reaction  force  of  S6.3  pounds  (250  N).  This 
is  equivalent  to  about  9,000  pounds  (40  kN)  of  force  exerted  though  a  distance  of 
1  inch  in  1  second.  The  use  of  ultrasonics  enables  high  energy  to  be  imparted  to  a 
plastic  part  at  force  levels  that  will  not  stress,  crack,  or  produce  residual  deflection  of 
the  material. 

The  approach  of  using  ultrasonic  energy  to  remove  paint  form  a  composite  substrate 
was  explored  by  S.R.  Taylor  and  Associates  under  contract  to  the  U.S.  Air  Force 
(1986).  The  objective  was  to  demonstrate  the  technical  feasibility  of  the  development 
of  a  hand'held  ultrasonic  tool  for  removing  paint  without  altering  the  properties  of 
the  composites.  In  addition,  the  feasibility  of  using  alternative  solvents  in 
combination  with  ultrasoiuc  activation  was  evaluated.  Two  types  of  portable  wave 
guide  arrangements  were  devised  with  relative  motions  parallel  and  at  right  angles  to 
the  surface  coating.  The  chemicals  used  for  pretreatment  included  common  acids  and 
bases  and  solvents,  such  as  toluene,  acetone,  and  isopropanol.  The  waveguides 
operated  as  frequencies  from  17.5  kHz  to  25  kHz. 

Results  from  the  study  are  summarized  briefly  below: 

•  Ultrasonic  paint  removal  is  effective  in  the  frequency  range  of  17.5  to  50  kHz. 

•  The  rate  of  ultrasonic  paint  removal  is  directly  dependent  on  the  ultrasonic  power 
input  and  energy  density  at  the  wave  guide  tip. 
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•  Aqueous  acids  and  bases  affect  the  paint  in  a  manner  that  appears  to  increase  the 
rate  of  mechanical  scraping. 

•  The  rate  of  ultrasonic  and  mechanical  paint  removal  is  also  dependent  on  the 
chemical  reagent  type,  concentration,  and  contact  time. 

•  The  mechanical  properties  of  the  laminate  are  not  measurably  affected  by  the 
ultrasonic  paint  removal  piocess. 

The  purpose  of  the  study  was  not  to  optimize  paint  removal  rates;  however,  rates  in 
general  were  in  the  range  of  2  to  10  square  feet  per  hour  (0.03-0.17  ft^/min). 

The  hand-held  ultrasonic  devices  were  assembled  by  S.R.  Taylor  and  Associates, 
Bartlesville,  Oklahoma.  Another  manufacturer  of  stationary  ultrasonic  equipment,  as 
well  as  some  poitable  equipment,  is  Branson  Sonic  Power  Company,  Danbury, 
Connecticut.  The  primary  emphasis  at  Branson  is  the  ultrasonic  welding  of  plastics. 

Some  of  the  advantages  and  disadvantages  of  ultrasonic  paint  removal  from 
composites  are  listed  below: 

Advantages 

•  Appears  to  have  little  or  no  effect  on  composite  properties 

•  Reasonably  lightweight  and  portable 

•  Readily  adapted  to  curved  surfaces 

Disadvantages 

•  The  need  for  chemical  stripping  agents  to  soften  the  coatings 

•  Slow  paint  removal  rates 

•  Moderate  level  of  operator  skill  required 
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•  Long  cumbersome  waveguides  required 

•  Combustible  stripping  agents  present  flammability  hazards 

•  Waste  disposal  of  chemical  stripping  agents 

Conclusions 

The  physical  properties  of  the  ME^83286  urethane  topcoat  make  it  very  resistant  to 
mechanical  devices  such  as  the  ultrasonic  horn.  We  expect  that  chemical  stripping 
agents  would  be  required  in  conjunction  with  ultrasonic  tools  in  order  to  provide  an 
acceptably  efficient  paint  removal  rate.  The  method  does  not  appear  to  provide  a 
substantial  improvement  over  the  existing  chemical  stripping  approaches  currently 
used  at  Air  Force  logistics  centers. 
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5.0  Identification  and  Evaluation  of  Protective  Coatings 


The  objective  of  Phase  II  of  the  prograin  was  to  identify  and  evaluate  coating 
systems  for  composite  substrates  that  would  provide  protection  from  potendally 
damaging  paint  removal  methods  such  as  media  blasting  and  abrasives.  This  section 
of  the  report  will  cover  results  of  the  following  four  activities  relating  to  the  selection 
and  evaluation  of  the  candidate  protective  coatings. 

1.  Development  of  Performance  Criteria 

2.  Literature  Search 

3.  Company  Survey 

4.  Laboratory  Screening 

Results  of  the  paint/paint  removal  testing  will  be  discussed  in  the  following  section. 
5.1  Development  of  Performance  Criteria 

At  the  outset  of  this  phase  of  the  program,  performance  criteria  for  potentially 
successful  protective  coatings  were  develcr^d.  These  criteria  were  based  on  three 
main  considerations.  They  are  discussed  separately  as  follows: 

Results  of  the  Investigation  of  Paint  Removal  Techniques  •  This  earlier  phase  of 
the  program  indicated  that  it  was  unlikely  that  a  single  coating  would  provide  the 
optimum  protection  from  different  removal  techniques.  This  is  due  to  the  theory  that 
the  coatings  response  to  the  paint  removal  method  would  be  substantially  different, 
depending  on  the  chemical  and  physical  nature  of  the  coating.  For  example,  blasting 
types  of  removal  such  as  PMB  and  Carbon  Dioxide  Blasting  resulted  in  tough-surface 
profiles  of  the  composite,  while  abrasive  methods  resulted  in  much  snxwther 
surfaces.  Based  on  this  information,  the  composites  may  be  protected  from  blasting 
techniques  by  using  elastomeric  coatings  (Tg  <  0**C),  which  have  energy-absorbing 
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and  abrasion-resistant  properties.  On  the  other  hand,  hard,  durable,  filled  coatings 
were  predicted  to  protect  composites  from  abrasive  or  sanding  techniques.  Table  5. 1 
summarizes  these  observations  for  some  of  the  more  promising  removal  methods. 

Minimum  Performance  of  a  Successful  Protective  Coating  •  Although  the  most 
important  performance  criteria  of  the  coating  was  its  ability  to  protect  the  substrate 
from  the  effects  of  paint  removal,  there  were  several  other  minimum  requirements 
that  had  to  be  met.  The  Air  Force  agreed  that  the  coating  would  be  applied  between 
the  composite  and  the  primer  surface,  in  order  to  act  as  an  armor  for  the  composite. 

A  basic  requirement,  therefore,  was  the  compatibility  (wetability)  of  the  coating  with 
the  surface  of  the  graphite/epoxy  composite.  This  required  the  coating  to  exhibit 
excellent  adhesion  to  the  composite  substrate  and  to  act  as  a  suitable  substrate  for  the 
epoxy  polyamide  primer  paints. 

Common  requirements  of  aircraft  coatings  were  also  considered.  The  coating  was 
expected  to  offer  impact  resistance  that  may  result  from  maintenance,  dropped  tools, 
etc.  Also,  it  must  have  the  solvent  and  chemical  resistance  to  standard  aircraft  fluids 
and  fuels.  Finally,  good  weathering  properties,  particularly  moisture  resistance,  was  a 
minimum  performance  requirement 

Other  Requirements  of  the  Protective  Coating  •  The  performance  of  the  coating 
was  critical  to  its  success;  however,  several  other  factora  were  used  in  developing  the 
selection  criteria.  The  processing  and  maximum  application  requirements  of  the 
candidate  coatings  were  considered,  as  well  as  the  level  of  skill  required  for 
application.  The  applicability  to  large  strucmres  and  maximum  application  rates  were 
noted.  Other  important  factors  included  toxicity,  cost,  and  availability  (i.e., 
experimental  vs.  commercially  available). 
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During  this  period,  the  study  was  not  restricted  only  to  conventional  coating  systems. 
Free-standing  films  such  as  film  adhesives  and  composite-surfacing  films  would  be  , 
screened  for  use  if  it  was  deteimined  that  they  could  meet  the  specifications. 

5.2  Literature  Search 

In  the  next  task,  we  conducted  an  extensive  literature  search  of  protective  coating 
technologies  that  might  satisfy  the  desired  requiremenu.  This  survey  focused  on 
three  major  topics.  The  first  was  a  review  of  general  infonnation  on  the  resistance 
properties  of  protective  coatings,  with  a  focus  on  resin  types  likely  to  meet  the 
requirements  such  as  polyurethanes,  epoxies,  etc.  The  second  portion  of  the  search 
examined  patenu  and  literature  sources  fitxnn  industries  with  relevant  technologies 
such  as  aerospace,  aviation,  and  automotive.  Rnally,  various  related  topics  in  the 
military  literature  were  reviewed,  using  the  DTIC  information  database. 

This  review  provided  useful  background  information  on  relevant  technologies. 
Probably  the  most  valuable  result  of  this  search  was  that  it  helped  to  identify  the 
conunercial  sources  of  candidate  coatings.  A  list  of  some  of  the  most  salient 
literature  is  shown  below. 

5.3  Company  Survey 

The  object  of  this  survey  is  to  identify  promising  commercial  coatings  technologies 
that  could  meet  all  or  some  of  the  requirements  of  a  successful  protective  coating. 

To  perform  this  survey,  we  relied  on  both  industry  contacts  of  Arthur  D.  Little  surif 
members  and  companies  identified  in  the  literature  search.  During  this  task,  we  were 
successful  in  esuiblishing  continuing  relationships  with  companies  interested  in 
participating  in  the  iterative  process  of  testing  and  improving  the  coatings. 

The  primary  goal  of  the  contact  was  both  to  solicit  technical  and  product  information 
and  to  obtain  samples  of  candidate  coatings.  A  toul  of  24  companies  were 


contacted,  12  of  which  provided  one  or  more  candidates.  The  companies  contacted 

,  included  large  coating  manufacturers  such  as  Lord,  Desoto,  and  PPG,  as  weU  as  raw 

.  1 

'  >  material  suppliers  such  as  Mobay  and  Freeman  Chemical.  Also  included  were 
'  companies  with  applicable  in-house  technologies  such  as  Hughes  Aircraft  Co.,  Hysol 
Aerospace  Products,  and  3M.  From  this  survey,  a  total  of  20  promising  coating  and 
.  film  lamination  systems  were  identified  for  our  screening  program.  The  companies  , 
surveyed  arc  listed  in  Table  5.3. 

5.3.1  Description  of  Protective  Coatings 
.  ;  General  Information 

An  attempt  was  made  to  apply  each  protecdve  coating  or  film  laminate  using  a 
reproducible,  standardized  method.  Typically,  a  Binks  conventional  spray  setup 
equipped  with  a  pressuie  cup  was  used  to  apply  the  wet  coating  solutions.  Spray 
conditions  included  a  line  prrssiue  of  25  to  30  psi,  a  cup  pressure  of  5  to  10  psi,  and 
a  number  63  needle  and  nozzle  combination,  'die  target  '*y  film  thickness  of  each 
coating  was  1-4  mils;  therefore,  the  wet  film  applied  was  determined  by  the  total 
solids  of  each  candidate  coating.  The  specific  mixing  and  application  specifications 
were  used  as  guidelines  and  is  included  in  the  individual  product  information  sheets. 
(Sec  Appendix  C.) 

Once  applied,  all  coatings  were  allowed  to  diy  at  70°F  tcmpcranire,  50%  RH  for  7 
days.  At  this  point,  the  primer  and  topcoat  were  applied,  if  called  for  in  that  phase  of 
testing. 

The  following  section  describes  pertinent  information  for  the  individual  candidate 
protective  coatings  and  films  used  in  the  screening  program. 
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Table  5 J 


Coating  No,  2  (U2A) 

Product:  Chemglaze  M1433 

Supplier:  Lord  Corporation 

Coatings  and  Laminating  Adhesives 
2000  West  Grandview  Blvd. 

P.O.  Box  10038 
Erie  PA  16514-0038 
814-868-3611 

Description:  Chemglaze  M1433  is  an  aromatic,  elastomeric  polyurethane  which  is 

used  as  a  rain-erosion  coating  for  ladomes.  leading  edges  and 
antennae.  It  was  selected  as  an  example  of  an  energy  absorbing 
coating  that  may  help  protect  the  composite  from  PMB  removal.  The 
supplier  claims  that  it  is  tough,  flexible  over  a  wide  temperature 
range,  and  has  excellent  resistance  to  wear,  abrasion  and  impact. 
M1433  is  a  two-package  coating  with  a  2-hour  pot  life  when  mixed. 
It  is  provided  in  premeasured  kits. 

Product  Information:  Total  Solids  •  58%  by  weight  (mixed) 

Viscosity  -  20()-6(X)  cps  (mixed) 

'v  Drying  time  -  2-3  hours  (77*F  and  50%  RH  ) 

Application:  Part  A  was  redispersed  on  a  paint  shaker  prior  to  adding  Pan  B.  Pan 

"  v  B  was  added  to  Pan  A  while  mixing,  until  a  ratio  of  3  to  1  by 

\  y volume  was  reached.  Once  thoroughly  mixed,  the  coating  could  be 
applied  without  an  induction  period.  The  coating  was  applied  by 
conventional  spray  following  the  standard  setup  and  procedures.  Two 
\cross-coat  passes  were  made,  allowing  approximately  5  minutes 
.between  passes.  Total  wet  Elm  thickness  was  4  mils;  dry  film 


'x>  A 


■\Vv. 


'■ ' ' 
Vv 


tUckness  was  approximately  2  mils. 
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Coating  No.  3  (UlC) 

Product:  Koroflex  4086-176 

Supplier:  Desoto  Aerospace  Coatings  Inc. 

Description:  The  Koroflex  primers  are  clear,  one-component,  aromatic  moisture- 

cure  urethanes.  They  were  selected  for  their  reported  flexibility  and 
good  adhesion  to  several  aircraft  substrates  including  aluminum, 
Kevlar  composites  and  rubber.  These  products  have  been  tested  by 
the  U.S.  Air  Force  and  Navy  in  previous  programs. 

Product  Information:  Total  Solids  -  43.9%  by  weight 
Viscosity  -  NA 

Drying  time  -  7  days  at  RT  and  50%  RH 
Application:  One-component  moisture-cure  urethane,  hand-stirred  prior  to 

application.  Applied  using  conventional  spray  method  in  2  cross-coat 
passes  of  approximately  2  mils  each.  Dry-film  thickness  was 
1.4  mils. 

Coating  No.  4  (UlY) 

Product:  Koroflex  823x439 

Supplier:  Desoto  Aerospace  Coatings  Inc. 

Description:  This  is  a  pigmented  (yellow)  version  of  Coating  No.  3.  It  was 

selected  for  screening  because  it  presented  an  opportunity  to  compare 
"the  protective  effect  of  a  filled  and  unfilled  version  of  one  candidate. 
It  was  theorized  that  the  filled  coating  may  withstand  abrasive  (or 
laser),  while  the  unfilled  version  would  remain  more  flexible  and 
withstand  blasting-type  removal. 
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Product  Infonnation:  Total  Solids  -  NA 


Viscosity  -NA 
Drying  Time  -  NA 

Application:  One-component  moisture-cure  urethane,  mixed  on  paint  shaker 

S  minutes  prior  to  application.  Applied  using  conventional  spray 
equipment  and  method  in  2  cross-coat  passes,  totaling  4  mils  wet  for 
an  approximate  1.6  mil  dry-film  thickness. 

Coating  No.  S  (EPX) 

Product:  HRO  3/A3 

Supplier:  Hughes  Aircraft  Co. 

Electro  Optical  &  Data  Systems  Group 
2000  East  El  Segundo  Boulevard 
P.O.  Box  902 
El  Segundo,  CA  90244 
213-616-1375 

Description:  HRG-/A3  was  the  third  coating  sample  received  fxuin  iiughes 

Aircraft  Co.  that  is  based  on  a  family  of  compliant,  modified-epoxy 
resins.  These  materials  are  reported  to  exhibit  low  viscosities,  glass 
transition  temperatures,  and  outgassing  temperamres.  They  are 
toughened  epoxy  systems  with  good  thermal  stability,  repairability 
and  abrasion,  and  moisture  resistance.  Hughes  also  reported  earlier 
attempts  at  using  an  nonoptimized  HRO-31A  as  an  intermediate  layer 
between  an  epoxy/graphite  composite  and  a  primer/polyurethane 
topcoat.  This  specimen  was  subjected  to  PMB  and  showed  promising 
protective  properties. 
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Product  Information:  NA 

Application:  Coating  was  applied  by  manufacturer. 

Coating  No.  6  (EPA) 

Product:  482-300/120-900 

Supplier:  Pratt  &  Lambert 

Industrial  Coatings  Division 
Box  2153. 

Wichita.  KS  67201 
1-800-835-2854 

Description:  The  482-3f  ;  V'  yOO  is  a  two-conaponent.  epoxy-based  primer/fUler 

for  aviation  composite  applications.  It  is  a  blue-tinted,  pigmented 
product  that  is  reported  to  be  useful  when  high-fiU  characteristics  are 
desired.  The  actual  chemical  makeup  is  proprietary  information  and 
like  several  of  the  commercially  available  materials,  is  unknown. 
Although  it  was  not  specifically  investigated  in  this  study,  it  was 
selected  for  its  sanding  characteristics,  which  may  allow  it  to  be  an 
"erodible"  coating  in  abrasive  removal  techniques.  Also,  it  was 
reported  by  the  supplier  to  have  generally  good  physical  properties 
other  than  tilling/leveling. 

Product  Information:  Total  Solids  -  38.5  +/-1.0%  (  mixed  ) 

Viscosity  -  NA 

Drying  Time  -  4-6  hours  at  50%  RH 

Application:  Mixed  by  volume,  one-part  482-300  to  one-part  120-900  on  paint 

shaker  for  10  minutes.  Mixture  allowed  to  stand  25  minutes  for 
induction  period  prior  to  spray  application  by  conventional  spray 
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method.  Applied  using  2  cross-coat  passes  each  at  1.8  mils  wet;  total 
dry-film  thickness  was  1  mil 

Coating  No.  7  (FHM) 

Product:  Syn  Sldn  XHC  9837 

Supplier:  Dexter  Corporation 

Hysol  Aerospace  Products 
2850  Willow  Pass  Road 
P.O.  Box  312 

Pittsburg.  California  94565-0031 
415-687-4201 

Description:  Syn  Skin  XHC  9837  is  a  high-modulus,  epoxy-based,  composite- 

surfacing  film  that  is  reported  to  provide  aerodynamic  smoothness 
and  protection  with  a  resistant,  paintable  surface.  It  appears  to  offer 
less  finishing  steps  and  maximizes  leveling  properties.  Its  makeup  is 
proprietary,  and  it  was  selected  for  evaluation,  even  though  it  was 
difficult  to  predict  how  it  would  withstand  the  basic  screening  tests. 

Product  Information:  Film  Thickness  -  5-6  mils 
Weight  -  0.040  psf 

Application:  Surfacing  films  were  applied  to  the  composite  panels  as  the  last  layer 

of  the  laminate  in  the  layup  procedure.  The  film  was  vacuum-bagged 
and  cured  along  with  the  coiqx>site,  using  the  standard  composite 
cure  cycle  in  the  autoclave,  (2  hours  at  350**  F  and  85  psi). 
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Coating  No.  8  (FLM) 

Product:  Low  Modulus  Adhesive  Film 

Supplier:  Dexter  Corporation 

Hysol  Aerospace  Products 
28S0  Willow  Pass  Road 
P.O.  Box  312 

Pittsburg,  California  94565-0031 
415-687-4201 

Description:  EA  9628  is  a  modified-epoxy  film  adhesive  designed  for  structural 

bonds  requiring  toughness.  It  is  designed  for  aerospace  applications 
and  was  selected  as  an  example  of  a  film  that  might  provide 
sufficient  protective  properties. 

Product  Information:  Film  Thickness  -  7-8.0  mils 
Weight  -  0.060  Ibs/sq  ft. 

Application:  Films  were  applied  to  completely  cured  composite  panels  in  sheet 

form.  Panel  and  film  were  vacuum-bagged  and  cured,  using  the 
autoclave  1-hour  at  250*’F  and  lOO-psi  cure  cycle. 

Coating  No.  9  (FNP) 

Product:  AF-32  Adhesive  Film 

Supplier:  3M 

Aerospace  Materials  Department 
3211  East  Chestnut  Express'-  :;y 
Springfield,  MO  65802 
1-800-235-2376 

Description:  This  film  was  selected  on  the  request  of  Ted  Reinhart  to  act  as  a 

"control"  to  other  matcnals.  He  was  familiar  with  it  as  a 
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high-perfonnance,  thermosetting  film  adhesive  designed  for  metal-to- 
metal  bonding.  It  is  reported  to  have  exceptionally  high  peel 
strengths,  good  aging  properties  and  flexibility. 

Product  Information:  Film  lltickness  -  9.0  Mils 
Weight  -  0.060  Ibs/sq  ft. 

Application:  Films  were  applied  to  ctxnpletely  cured  composite  panels  in  sheet 

form.  Panel  and  film  were  vacuum-bagged  and  cured,  using  the 
following  autoclave  cure  cycle:  Ramp  to  350“F  at  10-12®  per 
minute,  while  applying  pressure  at  a  rate  of  5  psi  per  minute,  hold 
pressure  at  100  psi  and  temperature  at  3S0®F  for  2  hours.  Cool  to 
200®F  before  releasing  pressure. 

Coating  No.  10 

Product:  DuPont  Imron  824S/817M 

Supplier:  E.I.  duPont  de  Nemours  &  Company 

Wilmington,  Delaware  19898 

Description:  DuPont  provided  a  primerAopcoat  system  for  the  test  program.  The 

primer  was  8245  Colar®,  based  on  proprietary  epoxy/polyamide 
chemistry.  The  recommended  coating  for  the  primer  was  Imron® 
824S,  a  product  from  their  polyurethane  enamel  line  of  coatings. 
These  are  not  formulated  for  particular  military  specifications  but  are 
reponed  to  provide  a  good  balance  of  coating  properties  for  aircraft 
applications. 

Product  Information:  NA 

Application:  Colar  epoxy  primer  mixed  2  parts  824S  to  1  part  826S,  mixed  on 

paint  shaker  for  5  minutes.  Urethane  enamel,  mixed  3  parts  817U  to 
1  part  192S  on  low-shear  mixer  until  uniform.  Both  coatings  were 
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applied  by  conventional  spray  noethod  each  at  2  mils  wet.  Total 
protecdve  coating  thickness  (primer  and  enamel)  was  approximately 
2  mils  dry. 


Coating  No.  11 

Product:  Mobay  471425 

Supplier:  Mobay  Corporation 

Coatings  Division 
Mobay  Road 
Pittsburg,  PA  15205-974! 

412-777-2000 

Description:  The  coating  was  fonnulated  by  Mobay’s  staff  and  is  a  two- 

component  aliphatic  polyurethane  based  on  Mobay’s  Desmodur 
Desmophen  resins. 

Product  Information:  NA 

Application:  Coating  was  applied  by  the  manufacturer,  using  conventional  spray 

equipment,  and  applied  in  2  passes  with  10  minutes  flash-ofT 
between  coats.  A  total  dry-film  thickness  of  2.5  mils  was  achieved. 


Coating  No.  12 

Product:  Bladder  coating  4086'!  68 

Supplier:  Desoto  Aerospace  Coatings  Inc. 

Description:  This  product  is  a  two-component,  amine-cured  polyurethane  coating 

designed  to  be  a  sprayable  fuel  bladder  coating.  It  was  recommended 
because  of  its  reported  excellent  flexibility  and  chemical/solvent 
resistance  properties. 

Product  Information;  Total  Solids  -  59.9%  by  weight,  53%  by  volume 
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Viscosity  -  NA 

Drying  Time  -  14  days  at  RT  and  50%  RH 
Application:  Two  component  urethane,  blend  one-part  urethane  base  4086-168  to 

1  part  activator  4086- 175A.  Mixed  on  a  low-shear  mixer  until 
uniform  ~S  minutes.  Applied  using  conventional  spray  method  in  2 
cross-coat  passes.  Wet  film  thickness  4  mils,  approximately  2  mils 
dry. 


Coating  No.  13 

Product:  Lumiflon 

Supplier  ICI  Americas  Inc. 

Wilmington  ,  Delaware  19897 
302-575-3000 

Description:  ICI  provided  the  program  with  a  two-component,  black  air  dry 

coating  based  on  their  Lumiflon  200  Resin.  These  resins  are  based 
on  fluropolymers  and  were  selected  for  their  reported  weatherability, 
and  chemical  resistance. 

Product  Information;  Total  Solids  -  43.6%  (mixed) 

Viscosity  -  NA 
Drying  Time  -  air  dry 

Application:  Mix  32  parts  A  with  2  parts  B  on  low-shear  mixer  until  uniform, 

thinned  with  xylene  to  40%  solids.  Applied  using  conventional  spray 
method  and  equipment  in  1  fan  coat  pattern  at  3  mils  wet,  dry  film 
thickness  approximately  1.2  mils. 


Coating  No.  14 
Product:  Deft  44-BK-6 


ISO 


Supplier:  Deft.,  Inc. 

1745 1  Von  Karman  Avenue 
Irvine,  California  92714 
714-474-0400 


Description:  Coating  44-BK-6  is  a  water-reducible,  catalyzed  epoxy,  corrosion- 

inhibiting  primer  designed  to  meet  California’s  strict  VOC 
requirements.  It  was  reported  to  exhibit  excellent  adhesion  to 
fiberglass  and  metal  substrates,  chemical  and  solvent  resistance,  and 
offer  a  proper  surface  for  polyurethane  topcoats.  It  was  attractive  for 
this  program  because,  if  successful,  it  would  make  an 
environmentally  friendly  coating. 

Product  Information:  Total  Solids  •  76.2%  by  weight,  60.0%  by  volume 
Viscosity  -  NA 

Drying  Time  -  6  hours  at  73+/-2®F  with  good  air  circulation 
Application:  Mixed  component  I  with  component  11  at  a  3-to-l  ratio  on  a  low- 

shear  mixer.  Added  6  parts  distilled  water  and  mixed  on  paint  shaker 
for  10  minutes.  Final  solids  were  30%  by  volume.  Applied  using 
conventional  spray  equipment  and  method  in  2  cross-coat  passes 
totaling  3.5  mils  wet.  Dry  film  thickness  was  1.1  mils. 
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Coadng  No.  IS 


Product:  Deft  02-Y-38 

Supplier:  Deft.,  Inc. 

17451  Von  Kaiman  Avenue 
Irvine.  California  92714 
714-474-0400 

Description:  Deft  02-Y-38  is  a  two-component,  high-solids,  flexible  primer  based 

on  epoxy/polyamide  chemistry.  It  was  chosen  for  its  reported 
flexibility,  which  was  t'leorized  to  help  in  withstanding  blasting 
removal.  It  has  a  pot  life  of  4  hours. 

Product  Information:  Total  Solids  -  68.3%  by  weight  ^  > 

Viscosity  •  30"  •  35"  #2  Zahn  Cup 
Drying  Time  -  Air  Dry 

Application:  Two-component  primer  mixed  1  to  1  by  volume  on  low-shear  mixer 

until  uniform.  Applied  using  conventional  spray  method  in  2  cross¬ 
coat  passes.  Wet  film  thickness  3  mils,  dry  film  1,2  mils. 

Coating  No.  16 

Product:  Freeman  62-E 

Supplier:  Freeman  Chemical  Corporation 
217  Freeman  Drive 
P.O.  Box  996 

Pon  Washington.  WI  53074-0996 
414-284-5541 

Description:  Freeman,  who  is  a  supplier  of  intermediate  materials  for  coating 

formulations,  provided  us  with  a  peroxide  curable  coating  based  on 
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urethane/acrylate  chemistiy.  They  felt  that  this  cpadng  may  mc^t  th^ 
requirements  of  the  screening  program. 

Product  Information:  Total  Solids  -  80%  by  weight(?) 

Viscosity  -  NA 

Drying  Time  -  1  hour  at  100®C. 

Applicadon:  Urethane  coating  applied  by  manufacturer. 

Coating  No.  17 
Product:  Freeman  66-F 

Supplier:  Freeman  Chemical  Corporadon 
217  Freeman  Drive 
P.O.Box  996 

Port  Washington,  WI  53074-0996 
414-284-5541 

Descripdon:  This  coating  fonnuladon  was  based  on  epoxy/acrylate  chemistry  and 

t 

was  also  peroxide-cured. 

Product  Informadon:  Total  Solids  -  80%  by  wcight(?) 

Viscosity  •  NA 

E)rying  Time  -  1  hour  at  10®C. 

Applicadon:  Epoxy  coadng  applied  by  mariufacturer. 

Coating  No.  18 

Product:  Hughes  HRG-3/A2 
Supplier  Hughes  Aircraft  Co. 

Electro  Optical  &  Data  Systems  Group 
2000  East  £1  Segundo  Boulevard 
P.O.  Box  902 
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El  ,Segundo,  CA  90244 
213-616-1375 

Description:  This  costing  was  an  eailier  version  of  coating  No.S. 

Product  Infonnation:  NA 

Application:  Coating  applied  by  manufacturer. 

Coating  No.  19 

Product:  Fuller  FR-7020 

Supplier:  H.B.  Fuller  Company 
1200  Wolters  Boulevard 
Vadnais  Heights.  MN  55110 
612-481-3300 

Description:  This  product  was  actually  not  a  coating,  but  a  resin  system  used  in 

an  epoxy  patch  kit  for  composites.  The  literature  shows  that  it  had 
some  interesting  properties  in  an  earlier  program.  However,  it  was 
too  thick  to  apply  by  spray  and  attempts  to  improve  its  application 
properties  (with  the  help  of  the  supplier)  were  unsuccessful. 

Product  Infonnation;  NA 

Application:  Mixed  100  pans  A  with  58  pans  B  on  low-shear  mixer  until 

unifonn.  Applied  to  panels  by  draw-down  blade  3  mils  wet.  Blend 
was  too  thick  to  spray  and  could  not  be  thinned. 
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Coating  No.  20 
Product:  FuUcr  SN-3012 

Supplier:  RB.  Fuller  Company 
1200  Welters  Boulevard 
Vadnais  Heights.  MN  55 1 10 
612-481-3300 

Description;  This  is  a  proprietary,  experimental  coating  recommended  for  the 

program  by  the  supplier.  It  is  a  two-component,  polyurethane-based 
product  that  was  reported  to  have  excellent  impact  resistance. 
Unfortunately,  it  had  relatively  poor  application  properties  when 
applied  with  air-assisted  spray  equipment  It  may  perforin  better  with 

airless  spray  equipment;  however,  the  supplier  provided  0e  coating 

» •> 

too  late  in  the  program  to  investigate  this  option. 

Product  Information:  NA  ^ 

Application:  Mixed  100  parts  A  with  59  parts  B  on  low-shear  mixer  until 

uniform.  Thinned  with  xylene  until  sprayable  with  convention  spray 
equipment.  System  is  generally  coated,  using  airless  spray  with  a 
mixing  nozzle.  The  coating  formed  fisheyes  and  overall  did  not  coat 
well  using  our  method.  Dry  film  thickness  was  approximately  1.5 
mils. 

5.4  Laboratory  Screening  Procedures 

The  overall  objective  of  this  task  was  to  screen  the  20  candidate  coating  systems  for 
basic-performance  properties  and  to  select  the  most  promising  systems  for  evaluation 
in  four  paint/paint  removal  cycles.  Initially,  the  coatings  were  applied  according  to 
manufacturers'  specifications  at  2.0  -  3.0  dry  film  thickness  and  v/ere  allowed  to  air 
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diy  for  a  minimum  of  7  days.  In  the  pretiminaiy  screening,  five  of  the  coadngs/films 
were  applied  by  the  manufacmrers  onto  substrates  provided  to  them  by  Arthur  D. 
Little.  In  this  stage  of  the  testing,  the  candidates  were  applied  to  two  different  test 
substrates:  (1)  4"x  12",  12  ply,  graphite/epoxy  composite  panels  and  (2)  .032"  x  4"  x 
12",  70-7S-TG  anodized,  clear  aluminum  panels.  These  40  test  panels  were  evaluated 
for  the  following: 

7.  Compatibility  -  This  was  a  subjective  asressment  of  the  wetting  and  flow 
'Icharacteiisdcs  of  the  wet  and  dry  film  properdes  of  the  candidate  coatings.  This 
evaluation  was  made  by  experienced  coating  specialists  each  time  the  coating  was 


2.  Adhesion  -  Adhesion  was  measured  by  the  ASTM  D3359  •  87  Tape  Test  Method. 
In  this  test,  a  grid  of  crosscuts  is  made  into  the  dried  coating  with  a  sharp  instrument 
for  this  purpose.  A  pressure-sensitive  tape  (No.  250  tape  provided  by  3M),  is  applied 
evenly  by  hand  over  the  crosscuts  and  then  removed  within  90  seconds  (+/•  30 
seconds).  Adhesion  was  evaluated  by  comparison  of  the  flaked  area  with  standard 
descriptions  and  illustrations.  The  classification  scale  is  OB  to  SB,  with  SB 
exhibiting  the  best  adhesion  (See  ASTM  D33S9  -87  for  specific  details). 

3.  Impact  Resistance  -  Impact  resistance  was  measured  on  a  Gardner  Light  Duty 
Impact  Tester  with  an  extended  graduated  guide  tube  capable  of  subjecting  test 
specimens  to  an  impact  force  of  up  to  SO  inch-pounds.  The  impactor  was  a  2-pound 
steel  cylinder  with  a  O.SO-inch  diameter  round-nosed  end.  A  O.S6-inch  diameter  hole 
in  the  base  allows  for  the  deformation  of  the  panel.  All  coated  test  panels  were 
allowed  to  condition  prior  to  testing  for  24  hours  in  an  environment  of  72T  at  S0% 
RH. 
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The  panels  were  subjected  to  a  series  of  impacts  at  various  heights  to  determine  the 
maximum  impact  force  the  coating  could  withstand  for  both  forward  and  reverse 
impact.  (Note:  Although  reverse  impact  may  be  unlikely  in  an  aircraft  application, 
the  measurement  was  made  to  further  characterize  the  ability  of  the  coating  to 
withstand  impact  Generally,  reverse  impact  is  a  mote  severe  test  for  a  coating 
system.)  A  new  undamaged  area  of  the  panel  was  used  for  each  impact.  Failure  was 
characterized  by  cracking  or  chipping  of  the  coating. 

4.  Solvent/Chemical  Resistance  •  Solvent  Resistance  was  measured  by  using  the 
Hydrocarbon  Resistance  Test  MIL-C46268C  (ME)  Sections  3.6.9  and  4.3.20.  This 
test  measures  the  effect  of  a  hydrocarbon  fluid  (TT*S-73S,  Type  HI  as  defined  in 
ASTM  01308-54)  on  coatings  which  may  result  in  alterations  in  the  surface  of  the 
coating.  The  actual  composition  of  the  coating  was  as  follows: 

Component 

Iso-octane 

Toluene 

The  test  required  that  the  coated  panels  be  air  dried  for  168  hours  (1  week)  and  then 
immersed  for  168  hours  at  23®C  in  the  hydrocarbon  fluid.  At  the  end  of  that  period, 
ihe  panels  were  removed  and  examined  according  to  the  MIL  specification,  which 
requires  that  immediately  after  removal,  the  coating  should  show  no  blistering  or 
wrinkling.  Two  hours  after  removal,  there  was  to  be  no  excessive  softening, 
whitening  or  dulling.  After  24  hours,  the  immersed  panel  should  be  almost 
indistinguishable  with  regard  to  hardness,  adhesion,  and  general  appearance  from  a 


%  By  Weight 
70.0 
30.0 
100.0 
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control  panel  prepared  at  the  same  time  but  not  immersed.  Any  coatings  exhibiting 
any  significant  deviance  from  these  definitions  were  given  a  "  Fail"  rating. 

5.  Surface  Roughness  -  Surface  roughness  of  coated  panels  was  measured  on  a 
Mitutoyo  Surftest  model  211  set  at  a  0.03-inch  stroke.  Th*  •''strument  was  calibrated 
using  a  116-micro-inch  precision  reference  standard;  readii.^,.*  were  recorded  to  the 
nearest  micro-inch.  The  average  surface  roughness  and  standard  deviation  were 
reported  on  a  minimum  of  5  readings  from  S  different  areas  within  the  panel.  The 
reference  standard  was  checked  after  each  panel  to  confirm  that  accurate  meetings 
were  obtained. 

The  screening  program  was  required  to  confirm  the  minimum,  basic  coating 
performance  of  the  candidate  systems.  As  expected,  the  majority  of  the  samples  (19 
of  20  systems)  performed  quite  well  on  these  tests  Although  this  testing  did  not 
adequately  distinguish  relative  perfonr  '.nee  amongst  the  candidates,  it  was  very 
useful  in  allowing  us  to  become  familiar  with  the  differences  in  the  application 
properties  of  the  coatings.  Since  the  test  panels  were  already  prepared  and  minimum 
effort  was  required,  it  was  decided  to  test  all  of  the  coatings  in  the  next  evaluation  to 
rnajcimize  the  information  gained  by  this  screening  program. 

In  the  next  phase  of  the  screening  program,  the  coated  composite  and  aluminum 
substrates  were  painted  with  the  standard  MIL-P-233770  epoxy  primer  and  MIL-C- 
82386  polyurethane  topcoat.  Again,  the  compatibility  and  adhesion  of  the  paint 
system  to  the  protective  coating  was  evaluated.  (See  above  section  for  description  of 
methods.)  In  all  but  one  case,  both  profierties  were  excellent. 
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6.  Water  Resistance  -  The  next  step  was  to  test  the  weathering  propeitics  of  the 
painted  and  coated  test  panels  by  subjecting  them  to  the  Controlled  Condensation 
Test  ASTM-4585,  which  is  designed  to  measure  moisture  resistance.  This  method 
measures  water  resistance  of  the  coatings  by  using  condensation  produced  by 
exposing  one  surface  of  a  coated  specinren  to  a  heated,  saturated  mixture  of  air  and 
water  vapor.  The  reverse  side  of  the  panel  is  exposed  to  the  cooling  effect  of  the 
room  temperature  air.  These  tests  were  performed  in  a  Cleveland  Condensing  Type 
Humidity  Cabinet  at  the  following  conditions: 

•  Exposure  temperature  (vapor/air)  130  +/-  5°F 
Pan  water  temperature  70  +/*  5®F 

•  Room  temperature  70  */•  2*F 

•  Inclination  of  test  panels  =  15® 

•  Panel  positions  were  rotated  weekly 

Prior  to  placement  in  the  chamber,  two  X-cuts,  one  with  light  pressure  and  one  with 
heavy  pressure,  were  made  in  each  panel. 

Weekly,  the  test  panels  were  removed  from  the  chamber  and  dried  by  gentle  blotting, 
ey  were  evaluated  according  to  the  following  schedule: 

•  Weekly  visual  and  microscopic  observation 

•  3  week  (500  hours) '  Adhesion  test  of  X<nu 

•  6  week  (1000  houn)  •  Adhesion  test  of  X-cuts 

•  12  week  (2000  hours)  •  Visual  observation  and  final  rating 


The  results  indicate  that  the  water  resistance  testing  was  very  useful  in  distinguishing 
the  relative  performance  of  the  candidate  coatings. 

5.5  Screening  Results 

The  results  of  all  of  the  screening  tests  were  analyzed  and  ranked  according  to 
peifoimance,  ease  of  use,  availability  (i.e.,  commercial  vs  experimental),  and 
chemical  makeup.  This  ranking  identified  three  groups  of  coating  systems: 

7.  High-priority  -  Coadngs  that  were  evaluated  in  the  four  paint/paint  removal 
testing  are  shown  in  Table  5.5-1.  This  high-priority  group  included  a  control,  three 
urethane-based  coatings,  two  epoxy  coatings,  two  epoxy  films,  and  a  nitrile  phenolic 
film.  The  results  of  the  evaluations  on  these  are  shown  in  Tables  5.5-2  to  5.5-4. 

2.  Medium-priority  -  Promising  coatings  that  with  some  adjustment  may  be  screened 
on  a  future  program  are  shown  in  Table  5.5-5.  The  results  of  these  evaluations  on 
these  are  shown  in  Tables  5.5-6  to  5.5-8. 

3.  Low-priority  -  No  further  work  is  recommended  on  coatings  shown  in  Table 
5.5-9.  The  results  of  these  evaluations  are  shown  in  Tables  5.5-10  to  5.5-12. 

The  selection  of  these  eight  systems  in  the  high-priority  category  for  evaluation  in 
paint/paint  removal  testing  completed  this  phase  of  the  screening  program. 
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High  Priority  Coatings  •  Selected  for  PaInt/PaInt  Removal  Evaluation 
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High  Priority  Coatings  -  Water  Resistance  (Aluminum  Panels) 


High  Priority  Coatings  -  Results  of  Screening 
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Medium  Priority  Coatings  •  Water  Resistance  (Aluminum  Panels) 
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Medium  Priority  Coatings  •  Results  of  Greening 
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Low  Priority  Coatings  •  Water  Resistance  (Aluminum  Panels) 
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♦Test  stopped  after  1000  hours  exposure 


5.6  Paint  Stripping  Prooeduret 

Two  paint  loipping  procedurei,  plastic  media  blasting,  and  wet  abrasive  paint 
removal,  were  selected  for  evaluation  of  the  eight  protective  coatings  listed  in 
Table  3.3*1.  Plastic  media  wu  selected  as  a  control,  since  it  is  currently  used  for 
depaindng  the  aluminum  surfaces  of  many  Air  Force  aircraft.  In  addition,  it  is  a 
good  model  for  other  media  impacting  processes,  such  as  bicarbonate  blasting,  wheat 
starch  blasting,  and  ice  or  dry  ice  blasting.  Any  coating  which  shows  promise  in 
preventing  damage  from  the  PMB  blasting  should  also  be  useful  for  these  other 
techniques.  The  other  technique  selected,  wet  abrasive  paint  removal,  involves  a 
different  type  of  physical  motion,  namely  an  in*plane  shear  and  shaving  action,  which 
is  expected  to  affect  the  paint,  coating,  and  composite  differently  than  PMB. 

Each  panel  was  initially  coated  with  the  protective  coating,  painted  with  the  standard 
primer  and  topcoat,  and  subjected  to  four  depaint/repaint  cycles.  In  the  paint  removal 
process,  the  yellow  primer  was  used  as  the  "flag"  to  signal  a  stop  to  the  stripping 
process.  Once  stripped,  the  panels  weie  examined  microscopically  for  defects  and 
microcracks.  No  microcracking  wu  observed,  however.  Typical  photomicrographs 
are  shown  in  Appendix  A.  The  surface  roughness  of  the  panels  wu  monitored 
throughout  the  process,  using  an  RMS  gauge.  When  repainting  the  panels,  a  very 
thin  coat  of  primer  was  used  to  reprime  the  panel  in  order  to  obtain  the  adliesion 
needed  for  the  polyurethane  topcoat.  Mechanical  properties  were  meuured  on  a 
painted  but  unstripped  section  of  the  panel  and  again  on  other  sections  of  the  same 
panel  after  the  first  and  fourth  depaint/repaint  cycles.  Samples  from  intermediate 
cycles  have  been  retained  but  have  not  been  tested  for  mechanical  properties  u  a 
matter  of  efficiency. 

5.7  Vlatiil  and  Surface  Roughneu  Ruulta 

All  of  the  coating  systems  resisted  the  mechanical  effects  of  wet  abrasive  paint 
removal;  however,  three  of  the  coatings  were  damaged  by  the  mechanical  action  of 
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the  PMB  process.  As  shown  in  Table  5.7-1,  urethane  coatings  U2A  and  UlC  failed 
to  maintain  adhesion  to  the  composite  substrate  after  the  first  PMB  cycle.  As  a 
result,  these  systems  would  not  be  suitable  when  PMB  is  the  paint  renx>val  process. 

In  addition,  film  coating  FHM  lost  adhesion  after  the  fourth  PMB  cycle.  This  film 
coating  requires  special  vacuum  and  autoclave  curing,  and  it  is  possible  that  this 
processing  was  not  optimum  for  the  current  substrate. 

As  shown  in  Section  3,  the  roughness  of  the  surface  of  the  composite  depends 
dramatically  on  the  paint  removal  process.  During  this  phase  of  the  project,  we 
observed  that  the  roughness  also  depends  on  the  coating  and  the  paint  present.  When 
some  of  the  coatings  are  applied,  the  surface  roughness  can  be  decreased 
substantially.  However,  when  the  paint  stripping  process  is  applied,  the  surface  tends 
to  approach  a  fmal  roughness  value  that  is  typical  of  the  particular.  Surface 
roughness  data  is  summarized  in  Table  5.7-2  for  the  processes  and  coatings  studied  in 
this  phase.  Before  repainting,  wet  abrasive  panels  approach  a  roughness  of  about  140 
microinches,  and  PMB  panels  approach  a  roughness  of  about  300  microinches. 

When  the  panels  are  painted,  the  wet  abrasive  panel  has  a  final  roughness  of  about 
60  microinches,  and  the  PMB  panel  is  about  90  microinches.  Even  very  smooth 
^  iting  such  as  EPX,  which  had  an  initial  smoothness  of  about  8  microinches,  attains 
a  final  roughness  that  is  characteristic  of  the  stripping  process  used.  Figures  5.7-1 
and  5.7-2  display  the  surface  of  the  panel  as  a  function  of  the  process  used,  the 
number  of  cycles,  and  the  protective  coating  used.  The  differences  are  important, 
since  the  surface  roughness  can  effect  the  panel  aerodynamically  and  could  have 
implications  for  long-term  fatigue  crack  growth. 

5.8  Mechanical  Property  Results 

The  methods  for  measuring  the  mechanical  properties  of  the  treated  panels  has  been 
described  earlier  in  Section  2.  In  this  phase  of  the  progiam,  we  determined  that  the 
most  useful  property  to  measure  would  be  flexural  strength,  since  earlier  we 
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Table  5.7-1 

Effects  of  Paint  Removal  Process- Visual  Inspection 
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Figure  5.7*2  Roughness  of  CTL  vs.  1)1Y  and  EPX 


determined  that  this  ineasurement  was  more  sensitive  to  changes  in  the  composite 
than  was  the  short  beam  shear  strength  (interlaminar  shear  strength).  The  direct 
measurement  from  the  testing  machine  gave  a  breaking  load,  which  was  then  used  to 
calculate  flexural  strength.  As  a  given  panel  was  processed  through  the  coating, 
painting,  and  stripping  processes,  the  thickness  of  the  panel  changed.  This  change  in 
thickness  affected  the  flexural  strength  values  obtained  and  made  analysis  difficult. 

As  a  result,  we  found  it  convenient  to  "correct"  the  value  of  the  flexural  strength 
obtained  to  a  constant  thickness  equivalent  to  the  initial  thickness  value.  In  addition, 
we  found  that  comparing  various  panels  to  one  another  was  better  carried  out  if  the 
strength  data  was  normalized  to  the  same  initial  strength.  The  original  raw  data 
obtained  during  the  tests  are  displayed  in  Appendix  B.  The  corrected  and  normalized 
flexural  strength  data  are  shown  in  Tables  S.8-1  and  S.8-2.  Measurements  of  flexural 
strength  were  made  before  treatment  and  after  the  first  and  fourth  depaint/paint  cycle. 
Samples  from  the  second  and  third  depaint/paint  cycles  have  been  retained,  but  the 
data  indicated  that  these  measurements  were  not  necessary  to  reach  our  conclusions. 
Also  reported  in  Tables  5.8*1  and  5.8-2  are  the  maximum  and  minimum  values  which 
establish  the  95%  confidence  intervals  according  to  the  "Student’s  t  Distribution." 

Although  the  data  is  difficult  to  interpret  numerically,  it  is  readily  analyzed 
graphically.  Figures  5.8-1  to  5.8-9  contain  the  plots  of  the  corrected  and  normalized 
failure  stress  as  a  function  of  the  number  of  depainiAepaint  recycles.  The  graphs 
show  that  the  vast  majority  of  the  panels,  including  the  PMB  and  wet  abrasive 
controls,  show  no  statistically  significant  loss  in  flexural  strength  as  a  result  of  the 
four  depaint/repaint  cycles.  Only  coating  EPA  using  wet  abrasives  showed  a 
statistically  significant  loss  in  mechanical  properties.  We  believe  an  important 
contributor  to  this  stability  in  mechanical  properties  is  the  excellent  control  possible 
in  stopping  at  the  primer.  This  may  not  always  be  possible  in  the  real  world. 
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Mechanical  Properties  -  Wet  Abrasive  Stripping 
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(Continued) 
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Table  5.8-2 

Mechanical  Properties  -  PMB  Stripping 
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Figure  5^7  Failure  Streas  -  FHM 
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Figure  5 J-9  Failure  Strcae  •  FNP 


however,  it  is  in  these  instances  that  the  protective  coating  is  most  likely  to  be 
important. 

We  have  observed  that  both  the  paint  removal  process  and  the  nature  of  the 
protective  coating  had  an  effect  on  the  failure  mode  in  the  flexure  test  In  this  test, 
the  treated  side  is  in  compression  and  painted  panels  without  a  protect  coating 
routinely  fail  at  the  compression  side.  After  one  or  more  depainting  treatments,  the 
side  in  tension  more  ftequently  fails,  indicating  a  reduction  of  the  stress  concentration 
at  the  compression  side.  In  addition,  certain  coatings  such  as  FHM  and  FLM  cause 
the  initial  failures  to  also  shift  to  the  tension  side  of  the  specimen.  Evidr  ntly  these 
coatings  also  are  capable  of  reducing  stress  concentrations  at  the  surface  in 
compression  without  the  benefit  of  the  paint  removal  process.  These  observations 
point  out  the  potential  utility  of  the  protective  coating,  even  though  the  change  in 
flexural  strength  is  not  statistically  significant.  The  observations  on  the  various 
failure  modes  observed  for  each  system  are  summarized  in  Table  S.8-3  and  S.8-4. 

Even  though  the  flexural  strengths  of  the  panels  are  generally  not  reduced  according 
to  statistical  significance,  the  systems  generally  show  trends  toward  lower  strength 
through  the  four  cycles.  These  trends  can  only  be  verified  through  many  more 
cycles,  which  is  currently  not  feasible.  However,  we  can  observe  the  trend  and  make 
some  careful  comparisons.  In  Tables  S.8-S  and  S.8-6,  we  compare  the  statistical 
conclusions,  the  trend  in  flexural  strength,  and  the  trend  in  failure  mode  to  reach  an 
overall  ranking  of  the  potential  effectiveness  of  the  coating  system  on  maintaining 
mechanical  properties  overall.  Table  5.8*7  summarizes  the  potential  that  the  coatings 
have  to  protect  the  mechanical  properties  of  composites  stripped  by  PMB  and  wet 
abrasive  paint  removal. 

The  potential  ability  for  preserving  mechanical  properties  is  not  the  only 
consideration  in  determining  the  overall  viability  of  the  coating,  however.  It  is  also 
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Table  5.8*3 

Failure  Modes  in  Flexure  Testing  (Abrasive) 
C  =  Comparison;  S  s  Shear;  T  s  Comparison 
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Table  5.8-4 

Failure  Modes  in  Flenire  Testing(PMB) 

C  s  Comparison;  S  =  Shear;  T  s  Comparison 
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Table  5^ 
PMB  Strip-Trends 
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Summarj  of  Cootiiig?  Effect  od  Mechanical 


necessary  to  consider  the  weatherability  of  the  coating  under  the  conditions  that 
might  occur  and  the  overall  durability  of  the  coating  to  the  specific  paint  lenooval 
process.  Table  S.8-8  summarizes  each  of  these  considerations  for  the  coatings  when 
PMB  and  wet  abrasive  are  the  paint  renx>val  processes.  Considering  each  of  these 
effects,  we  were  able  to  establish  the  overall  performance  listed  in  the  last  colunui 
and  Table  5.8-7.  The  analysis  shows  that  coatings  such  as  U2A,  UlC,  EPX,  and 
FNP  offer  the  most  potential  protection  from  FMB,  while  EPA  is  better  suited  for 
PMB.  Only  coatings  FHM  and  FLM  show  potential  for  both  PMB  and  wet  abrasive 
paint  removal.  These  conclusions  are  summarized  in  Table  5.8-9. 

\  i ' 

Overall,  the  results  of  this  phase  of  the  program  show  that  PMB  and  wet  abrasive 
.  j)aint  removal  can  be  carried  out  with  little  or  no  damage  to  composite  substrates 
when  the  primer  is  used  as  the  "flag.”  When  this  type  of  "controlled"  situation  is  not 
possible,  such  as  with  field  repair  or  the  result  of  operator  or  mechanical  enor, 
protective  coatings  identified  in  this  work  would  provide  an  effective  means  of 
protecting  the  composite.  To  investigate  this  further,  we  recommend  evaluating 
selective  coatings  identified  in  this  work,  for  their  ability  to  prevent  damage  in 
catastrophic  situations  such  as  when  a  PMB  robot  might  stall  at  a  given  position  or 
when  an  operator  might  become  distracted.  Some  of  these  coatings  have  the 
'  potential  to  provide  substantial  protection  to  the  composite  under  these  circumstances. 
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APPEM>IX  A 

PHOTOGRAPHS  USING  THE 
SCANNING  ELECTRON  MICROSCOPE 


1.  60882- 13-2D  •  Re-topcoated  panel  which  had  been  pievioutly  iiripped  to  the  epoxy 
primer  layer  using  optimized  wet-abrasive  system.  (126X) 

2.  60882- IS- ID  -  Panel  stripped  to  the  epoxy  primer  layer  uiing  sodium  bicarbonate 
blasting  technique  at  40  psig  with  water  incorporation.  (124^ 


3.  60882- 13-2C  -  Panel  stripped  to  the  epoxy  primer  layer  uiinS  optinUzed  wet'Shrasive 
system.  (128X) 

4.  IX  -  Excimer  laser  panel  stripped  by  Restmedcs  using  the  optimutn  number  of  puliea 
necessary  to  remove  the  topcoat  (200X) 

5.  3X  -  Excimer  laser  panel  stripped  by  Resonedcs  using  triple  the  iiniiibet  of  pulses 
necessary  to  remove  the  topcoat  (244X) 


304 


Figure  A*1  608S2-13-2D  •  Re-topcoated  panel  which  had  been  previously  stripped  to  the 

epoxy  primer  layer  using  optimized  wet-abrasive  system.  (126X) 


PHOTOGRAPH  USING  THE 
SCANNING  ELECTRON  MICROSCOPE 


60882*1S*1D  •  Panel  stripped  to  the  qpoxy  primer  layer  using  sodium 
bicarbonate  blas^  tech^ue  at  40 with  water  incosporation.  (124X) 
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Figure  A-2  60882-IS-lD  -  Panel  stripped  to  the  epoxy  primer  layer  using  sodium 

bicarbonate  blasting  technique  at  40  psig  with  water  incorporation.  (124X) 


PHOTOGRAPH  USING  THE 
SCANNING  ELECTRON  MICROSCOPE 


60882-13-2C  -  Panel  stripped  to  die  qxncy  piimo’  layer  unng  c^dmi^ 
.abquive  sjrstem.  ,|128pO 
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Figure  A-3  60882- 13-2C  -  Panel  stripped  to  the  epoxy  primer  layer  using  optimized  wet- 

abrasive  system.  (I28X) 


PHOTOGRAPH  USING  THE 


SCANNING  ELECTRON  MICROSCOPE 


IX  >  Excimer  laser  panel  stripped  by  Resonedcs  using  the  optiinuni  number  pf 
pulseji^nimssa^  to  itiDOve  t^  topcoat  (200^  4- 
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PHOTOGRAPH  USING  THE 
SCANNING  ELECTRON  MICROSCOPE 


3X  '  Excimer  Uuer  panel  stripped  by  Resonedcs  using  triple  the  numt^  of 
pulses  necessary  to  remove  the  topcoat.  (24430 
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APPBNDIXB 


MBOfANICAL  PRORBRTY 11ITIN0 


TEST  SELECTION 


Evalu«C« 

0  FI«xur« 

ASTM  D  790. 

0  XLS 

ASTM  D  2344 


Fiber  (Uoeg*  ec  surface 

Matrix  daiMge.  especially  sc  surface 

InCerlaainsr  weakening 


Fiber  dsauige  in  tension  or  compression 
Matrix  damage  in  compression 

Method  II,  Procedure  A 
Interlaminar  weakening 
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TEST  FIXTURE 


o  Meet  ASTM  specifications 
o  Adjustable  support  and  load  spans 
o  Self  aligning  about  in-plane  axes  of  specimen 
o  Changeable  support  and  loading  noses 
o  Minimize  specimen  to  fixture  friction  during  tests 
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ULTRASONIC  TESTING 


Insure  Integrity  of  panels 

Evaluate  damage  caused  by  paint  removal 

Have  hardcopy  record  of  test  (C-scan) 


Hgwe  B>2 

ic  Tcsing  of  PiHiel  22882-7-lB 


Rexur*  and  Shear  Teat  Reaulta 
Teat  23882*7,  Panela  1  and  2 
Abraalve  Paint  Removal 


Initial  mechanical  tests  to  evaluate  the  effects  of  abrasion  and  testing  configuration  on 
graphite/epoxy  laminates  has  been  completed  The  laminate  layup  was 
(0/0y90/+45/-43/90/+45/-45]s.  Two  panels  were  cut  in  half  and  one  of  the  halves  of  each 
panel  was  abraded  using  a  circular  sander.  The  panels  were  then  cut  into  flexure  and  shear 
specimens.  In  all  cases  the  abraded  or  control  surface  was  opposite  the  labeled  surface.  Care 
was  taken  to  make  sure  that  comparable  specimens  were  symmetrical  about  the  panel  cut  line 
since  this  was  shown  by  the  ultrasonic  tests  to  also  be  a  line  of  symmetry  with  regard  to 
voids. 

The  results  of  the  flexure  tests  are  shown  in  Table  B-1.  All  flexure  specimens  failed  in 
compression  as  expected  A  span  to  depth  ratio  of  40  was  used  to  insure  the  proper  failure 
mode.  Earlier  tests  showed  that  a  ratio  of  only  30  allowed  some  shear  failures  which  is 
unacceptable.  The  crosshead  deflecdon  (cross,  defl.)  is  the  deflection  at  the  1/4  span  of  the 
specimen.  The  center  deflection  can  be  calculated  and  is  1.37S  times  the  measured 
deflection.  The  reference  load  (ref.  load)  is  used  only  to  calculate  the  bending  stiffness.  The 
data  is  very  consistent  within  each  category,  tension  or  compression  and  abraded  or  not.  The 
strength  and  stiffness  of  the  abraded  specimens  appears  to  increase,  however  this  is  partly  due 
to  the  decrease  in  specimen  depth.  Table  B*2  shows  the  average  strength  and  stiffness  for 
each  category  normalized  to  the  initial  average  depth  of  0.0798  inches.  All  the  normalized 
average  strength  values  for  each  category  are  within  a  narrow  range  of  plus  or  minus  5 
percent  of  the  total  average  excluding  the  abraded  specimens  in  compression  which  are  higher 
by  20  percent.  The  normalized  bending  stiffness  is  very  consistent  for  all  categories. 

Two  conclusions  can  be  made  from  the  above  discussion.  First,  testing  specimens  with  the 
abraded  or  control  surface  in  compression  is  desirable  since  it  places  the  surface  in  question 
in  the  failure  locadon.  Secondly,  the  abrading  process  increas^  the  strength  of  the  material 
at  the  surface  but  not  the  stiffness.  The  increase  in  strength  may  have  been  caused  by  several 
mechanisms;  relieving  of  residual  stresses  by  plastic  flow,  change  in  matrix  chemistry,  or 
elimination  of  surface  defects  which  initiate  f^ure.  The  consistency  of  the  stiffness  data 
indicates  that  no  fiber  damage  was  caused  during  sanding.  Examination  of  the  specimens 
shows  that  the  bleed  cloth  pattern  is  sdll  visible  indicadng  that  only  the  resin  rich 
surface  was  affected. 

The  results  of  the  shear  tests  are  shown  in  Table  B-3.  There  seems  to  be  no  appreciable 
difference  in  the  average  failure  stress  of  specimens  from  the  same  panel  half  tested  with  the 
control  or  abraded  surface  in  either  tension  or  compression.  The  average  stress  of  the 
abraded  specimens  is  8  percent  higher  than  the  control  group  even  when  normalized  by  a 
constant  thickness.  This  difference  is  not  large  when  compared  to  the  scatter  in  data, 
however  ntay  sdll  be  significant.  It  was  not  expected  that  a  difference  would  occur  since 
shear  failure  is  not  greaUy  affected  by  surface  conditions.  Examination  of  the  failure  mode 
and  location  showed  shear  failure  in  all  specimens  at  relatively  consistent  ply  location. 
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spocinon 

nuobor 

width 

(In.) 

depth 

(in.) 

FU-1 

0.82S6 

0.0792 

FlA-2 

0.9989 

0.0797 

FU-3 

0.9975 
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FlA-4 

0.9964 

0.0807 

FU-5 
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FIB- 2 
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FIB- 3 
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FlB-4 
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F2B-2 

0.9957 

0.0771 

F2B-3 
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croaa. 
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load 

defl. 
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12,2 

C 
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C 
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12.3 

C 
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T 
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T 

*  T  -  control  or  «brad«d  •urf«c«  In  tons Ion 
C  —  control  or  obrodod  aurfaco  In  conproaslon 


noto;  Panola  IB  and  2B  voro  abradod. 


Tabid  B-1 

Teat  23882-7,  Raw  Flexure  Data 
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nuabor 
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fallura  atraas 
d*>acCual  d-nonMl . 

(kal) 

banding  atlff. 
d*actual  d-normal . 
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control 
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TaW«  B-2 

Test  23882-7,  Nomuillzetl  Flexure  Data 
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FlB-1 

T 

FIB-2 

T 

FIB-3 

T 

FIB-4 

C 

FlB-5 

C 

N} 

(a> 

s 

N> 

I 

t 


C  s  Label  side  tested  in  compression 
T  s  Label  side  tested  in  tension 


Figure  B-3:  Test  Specimen  Layout  for  23882  -  7 
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C  «  control  or  abradad  surface  In  coapression 


TaMe  B-3 

Test  23882-7»  Shear  P^ta 
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TEST  RESULTS  -  23882-7 
tension  vs.  compression 


o  All  flexure  specimens  failed  In  compression 
o  All  ILS  specimens  failed  In  shear 

o  Significant  Increase  In  strength  of  flexure  specimens  with  abraded 
surface  In  compression 

*  relief  of  residual  scre.5ses 

•  change  in  matrix  chemistry 

-  elimination  of  surface  defects  which  initiate  failure 

-  elimination  of  surface  defects  allowing  less  specimen  to 
fixture  friction 

o  Slight  Increase  In  strength  of  abraded  ILS  specimens 
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FLEXURE  -  TENSION  VS.  COMPRESSION 


o  Concluded  chac  best  Co  cost  surface  of  Incereac  in  compression 

•  Mosc  flexure  specimens  fall  in  compression 

.  Damaged  fibers  in  compression  will  cause  early  failure 

•  Damaged  matrix  will  allow  fibers  in  compression  to  buckle 
.  Damaged  macrix  will  not  affect  fibers  in  tension 
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Fitxura  and  Shear  Taat  Raaulta 
Taet  60882-10 

Abraaiva  Paint  Ramoval  (to  Damaga) 


Results  are  presented  in  the  attached  tables  of  mechanical  tern  performed  to  evaluate  the 
effects  of  specimen  surface  conditions.  Four  surface  conditions  were  invesdgaied,  all  from 
the  same  panel: 


60882-10-2  -A 
-B 
-C 
-D 


uncoated  panel 
primed  and  top  coated 
-B  and  abraded 

-C  with  new  primer  and  top  coat 


In  all  cases  the  surface  of  interest  was  tested  in  compression.  Table  B-4  shows  the  flexure 
data.  Table  B-5  summarizes  the  flexure  data  for  the  actual  thickness  and  a  normalized 
thickness  which  is  the  average  thickness  of  the  control  group,  P2A.  The  normalization  allows 
the  comparison  of  total  load  bearing  and  stiffness  ci^Mbility.  The  normalized  values  will  be 
used  in  the  following  discussion.  As  observed  in  earlier  tests,  the  abraded  specimens,  F2C 
and  F2D,  were  stronger  than  the  control  group,  but  only  by  a  small  amount.  Also,  the 
painted  surface  caused  an  increase  in  strength  tt  can  be  seen  by  comparing  P2A  to  P2B  and 
F2C  to  F2D.  The  failure  iixrde  in  some  of  the  painted  specimens  was  tension  which  wu  not 
seen  in  unpainted  specimens  in  this  or  previous  tests.  The  specimens  which  had  identical 
surfaces,  F2B  and  F2D,  exhibited  the  expected  results  of  the  abraded  specimens  having  a 
lower  strength.  The  stiffness  results  were  very  consistent  showing  both  abraded  groups,  F2C 
and  F2D,  to  be  less  stiff  than  the  unabraded  groups,  F2A  and  F2B.  There  was  no  significant 
affect  of  the  paint. 

Interlaminar  shear  test  results  are  shown  in  Table  B-6.  Overall,  the  normalized  strengths  are 
fairly  uniform  as  would  be  expected  since  shear  strength  should  not  be  affected  by  the  surface 
conditions. 
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■paolMn 

width 

dapeh 

nuabar 

(In.) 

(In.) 

F2A-1 

0.9951 

0.07B6 

r2A*2 

0.9994 

0.0803 

f2A-3 

0.9999 

0.0801 

r2A-4 

0.9930 

0.0793 

f2B*l 

0.993B 

0.0807 

f2B-2 

0.99B9 

0.0820 

r2B-3 

0.9989 

0.0821 

f2B-4 

0.9960 

0.0823 

F2C-1 

0.9972 

0.0761 

F2C-2 

0.9944 

0.0763 

F2CO 

0.9999 

0.0783 

F2C'4 

0.9966 

0.0763 

F20*l 

0.9974 

0.0818 

F2D.2 

0.9963 

0.0829 

F2DO 

0.9964 

0.0806 

F2D-4 

0.9964 

0.0778 

fallura 

eroaa . 

raf. 

lead 

dafl. 

lead 

(Iba.) 

(In.) 

(Iba.) 

389 

0.2993 

209 

390 

0.3002 

210 

400 

0.3002 

210 

390 

0.3223 

200 

409 

0.3190 

209 

499 

0.3691 

210 

499 

0.4134 

209 

469 

0.4039 

210 

380 

0.3943 

189 

410 

0.4039 

189 

430 

0.3740 

200 

390 

0.3666 

190 

420 

0.3888 

199 

499 

0.4232 

200 

389 

0.3716 

189 

290 

0.2461 

199 

fAllur*  banding  fallur* 
•traat  aelff.  aoda 
(kal)  (Ml)  * 


149.2 

11.6 

C 

140.9 

11.2 

C 

149.2 

11.3 

C 

144.3 

11.1 

C 

144.6 

10.8 

C 

155.7 

10.9 

T 

194.1 

10.2 

T 

197.6 

10.4 

T 

151.7 

11.6 

C 

162.3 

11.9 

C 

162.0 

11.9 

C 

194.7 

11.8 

C 

144.0 

9.8 

I 

191,9 

9.7 

T 

136,9 

9.7 

C 

96.8 

9.1 

C 

*  T  •  tanalen  fallurt 
C  •  conpratalon  failtura 


Ttble  B-4 

Tmt  6088240,  Raw  Fltxura  Data 


tpoclaon 

fallura  acrats 

banding  aclff. 

nuobor 

★ 

d-actual  d-noraal. 
(kal) 

d*actual 

(mat) 

d«normal . 

F2A 

concrol 

C 

143.9 

143.7 

11.3 

11.3 

F2B 

A  pelntod 

c 

153.0 

161.7 

10.5 

11.4 

F2C 

B  abradod 

c 

157.7 

146.4 

11.6 

10.4 

F2D 

C  palntod 

c 

144.0 

152.2 

9.7 

10.5 

*  T  -  turfac*  of  Intorooc  in  tonsion 
C  •  surfAco  of  Ineoroat  in  coBq>roA«ion 


Table  B-5 

Test  60882«10,  Normalized  Flexure  Data 
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specimen 

width 

depth 

failure 

failure 

average  stress 

number 

load 

e trees 

* 

d*actual  d« 

normal . 

(In.) 

(in.) 

(Ibe.) 

(pel) 

(pal) 

S2A-1 

0.2510 

0.0774 

178 

6872 

C 

S2A-2 

0.2512 

0.0776 

184 

7079 

c 

S2A-3 

0.2500 

0.0774 

173 

6707 

c 

6976 

6806 

S2A-4 

0.2517 

0.0778 

183 

7010 

c 

S2A-S 

0.2494 

0.0780 

187 

7210 

c 

S2A-6 

0.2531 

0.0777 

183 

6980 

c 

S2B-1 

0.2527 

0.0823 

190 

6857 

c 

S2B-2 

0.2521 

0.0809 

191 

7024 

c 

S2B-3 

0.2505 

0.0968 

183 

5661 

c 

6406 

6748 

S2B-4 

0.2509 

0.0816 

148 

5425 

c 

S2B-S 

0.2481 

0.0818 

188 

6953 

c 

S2B-6 

0 . 2498 

0.0816 

177 

6517 

c 

S2C-1 

0.2475 

0.0749 

138 

5584 

c 

S2C-2 

0.2517 

0.0748 

175 

6977 

c 

S2C*3 

0.2502 

0.0753 

193 

7690 

c 

7187 

6743 

S2C-4 

0.2508 

0.0742 

187 

7537 

c 

S2C-5 

0.2502 

0.0750 

195 

7794 

c 

S2C-6 

0.2513 

0.0741 

187 

7538 

c 

820-1 

0.2506 

0.0777 

176 

6783 

c 

S2D-2 

0.2494 

0.0777 

167 

6465 

c 

S2D-3 

0.2514 

0.0792 

189 

7125 

c 

6480 

6373 

S2D-4 

0.2486 

0.0776 

155 

6030 

c 

S2D-5 

0.2502 

0.0792 

182 

6888 

c 

S2D-6 

0.2519 

0.0784 

147 

5586 

c 

*  T  -  control  or  obradod  surfaco  in  tana ion 
C  -  control  or  abradad  surfaca  in  conpraatlon 


Table  h-6 

Test  60882-10,  Shear  Data 


Fl«xur»  and  Shaar  Taat  Raaulta 
Taata  60e82-l3-2  and  -3 
Wat  Abiaalva  Paint  Ramoval 


Results  are  presented  in  the  attached  tables  of  mechanical  tests  perfonned  to  evaluate  the 
effects  of  specimen  surface  conditions.  Four  surface  conditions  were  investigated  for  each  of 


two  panels: 

60882-13 

-A 

uncoated  panel 

-B 

primed  arid  top  coated 

*C 

*B  and  paint  removed 

-D 

*C  and  new  primer  and  top  coat 

In  all  cases  the  surface  of  interest  was  tested  in  compression.  Table  B-7  and  B-S  show  the 
flexure  data  for  panels  60882* 13-2  and  *3.  respectively.  Table  B-9  and  B-10  summarize  the 
flexure  data  for  the  actual  thickness  and  a  normalized  thickness  which  is  the  average 
thickness  of  the  control  group.  -A.  The  normalized  data  are  useful  in  comparing  the  strength 
and  stiffness  results  to  the  control  group  and  will  be  used  in  the  following  discussion.  As 
observed  in  previous  tests,  the  abraded  specimens.  -C  and  -D,  were  stronger  than  the  control 
group.  Also,  the  painted  surface  caused  an  apparent  increase  in  strength  and  in  most  cases 
stiffness  as  can  be  seen  by  comparing  'A  “X  >B  and  •€  to  *0.  The  failure  mode  in  most  of 
the  painted  specimens  was  tension  wherw  the  unpainted  specimens  failed  primarily  in 
compression.  For  panel  60882*13*2.  the  specimens  with  painted  surfaces,  *B  and  *D,  had 
very  near  the  same  strength  indicating  that  no  degradation  occurred  during  paint  removal. 
Unexpectedly,  for  panel  60882*13*3,  there  was  an  increase  in  strength  of  the  *D  specimens. 
This  may  be  due  to  a  0.002  average  increase  in  thickness  of  the  *D  specimens  over  the  *B 
specimens  if  the  increase  was  not  due  solely  to  the  painting  process.  The  strength  and 
stiffness  of  panel  60882*13*3  specimens  was  higher  than  the  comparable  specimens  in  panel 
60882*13*2  in  all  cases.  This  indicates  that  the  manufacturing  process  is  not  consistent.  As  a 
whole,  the  results  are  consistent  with  previous  tests  with  a  few  excepdons. 

Interlaminar  shear  test  results  are  shown  in  Table  B*ll  and  B*12.  Overall,  the  normalized 
strengths  are  fairly  uniform  as  would  be  expected  since  shear  strength  should  not  be  affected 
by  the  surface  condidons.  The  strength  of  panel  60882*13*2  specimens  was  higher  than  the 
comparable  specimens  in  panel  60882*13*3  in  all  cases.  This  is  opposite  the  flexure  data  but 
not  inconsistent  since  flexure  and  shear  results  are  not  related.  Htwever,  the  difference  again 
indicates  some  processing  inconsistencies. 
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apaclaan 

width 

depth 

number 

(In.) 

(In.) 

F2A-1 

1.0041 

0.0758 

F2A-2 

1.0039 

0.0799 

F2A-3 

0.99S1 

0.0760 

F2A-4 

1.0039 

0.0799 

F2B-1 

1.0044 

0.0790 

F2B-2 

1.0036 

0.0804 

F2B-3 

1.0045 

0.0801 

F2B-4 

1.0040 

0.0797 

F2C-1 

1.0044 

0.0746 

F2C*2 

1.0042 

0.0749 

F2C-3 

1.0033 

0.0741 

F2C*4 

0.9958 

0.0745 

F2D-1 

1.0030 

0.0794 

F2D-2 

1.0010 

0.0787 

F2D-3 

0.9949 

0.0800 

F20-4 

0.9995 

0.0799 

failure 

croaa . 

ref. 

load 

dafl. 

load 

(Iba.) 

(In.) 

(Iba.) 

350 

0.3100 

180 

390 

0.3150 

180 

345 

0.3051 

180 

350 

0.3100 

180 

435 

0.4429 

185 

445 

0.4380 

195 

380 

0.3248 

195 

440 

0.4380 

190 

380 

0.3445 

180 

410 

0.4331 

180 

410 

0.3888 

180 

365 

0.3445 

175 

449 

0.4921 

179 

439 

0.4872 

180 

420 

0.4478 

180 

430 

0.4528 

180 

f«ilur«  binding  failure 
•traaa  aeiff.  apda 
(kai)  (oai)  a 


140.6 

11.3 

C 

140.2 

11.3 

C 

139.2 

11.3 

C 

142.0 

11.5 

C 

158.0 

10.3 

T 

156.1 

10.3 

T 

136.3 

10.4 

C 

157.3 

10.3 

T 

197.2 

11.9 

C 

166.4 

11.7 

C/T 

171.3 

12.1 

C 

152.8 

11.7 

C 

159.2 

9.6 

T 

198.9 

10.1 

T 

150,1 

9.7 

T 

193.2 

9.7 

T 

a  T  •  Canalon  failure 
C  -  oonpraaelon  failure 


Tabit  B-7 

Tot  60M2«13«2,  Raw  Flnura  Data 


•p«clm«n 

width 

dapth 

failura 

eroaa . 

raf . 

failura  banding  failura 

iruabar 

load 

dafl. 

load 

atrass 

atlff. 

mode 

(In.) 

(In.) 

(Iba.) 

(In.) 

(Iba.) 

(kal) 

(mai) 

* 

r3A-i 

1.0023 

0.0749 

330 

0.3199 

189 

144.1 

12.1 

C 

f3A-2 

1.0021 

0.0740 

390 

0.3346 

179 

147.7 

11.9 

c 

r3A-3 

1.0034 

0.0749 

399 

0.3199 

189 

146.0 

12.0 

c 

F3A-4 

1.0008 

0.0793 

360 

0.3346 

179 

146.8 

11.3 

c 

P3B-1 

1.0013 

0.0789 

439 

0.4673 

189 

160.3 

10.5 

T 

F35-2 

0.9943 

0.0793 

419 

0.3986 

189 

152.1 

10.3 

T 

F3b.3 

0.9989 

0.0792 

439 

0.4928 

189 

158.1 

10.2 

T 

F3B-4 

1.0016 

0.0787 

429 

0.4281 

190 

156.5 

10.7 

T 

F3C-1 

1.0023 

0.0793 

399 

0.3839 

180 

160.0 

11.6 

C 

F3C*2 

1.U019 

0.0794 

410 

0.4429 

180 

164.3 

11.5 

C 

F3C.3 

1.0034 

0.0799 

419 

0.3986 

189 

164.7 

11.6 

c 

F3C-4 

1.0012 

0.0799 

410 

0.4232 

180 

162.8 

11.3 

c 

F3D-1 

0.9979 

0.0797 

449 

0.4823 

189 

159.1 

10.1 

T 

F30-2 

0.9889 

0.0806 

449 

0.4380 

189 

157.7 

9.8 

T 

F3D*3 

1.0009 

0.0812 

449 

0.4232 

199 

153.7 

10.0 

T 

F3D-4 

1.0009 

0.0812 

490 

0.4380 

190 

155.2 

9.7 

T 

*  T  •  ttnilon  f«llur« 

C  •  eonprcfflen  fcllur* 


Tablf  B-8 

T«l  60882<13-3»  Raw  FItxure  Data 


m 


specimen 

number 

* 

failure  stress 
d*actual  d^nonsal. 
(ksi) 

bending  stiff, 
d-actual  d-normal . 

(msi) 

F2A 

control 

C 

140.5 

140.4 

11.4 

11.3 

F2B 

A  painted 

C 

151.9 

168.7 

10.3 

12.0 

F2C 

B  removed 

c 

161.9 

156.3 

11.9 

11.3 

F2D 

C  painted 

c 

155.4 

171.3 

9.8 

11.3 

*  T  -  surface  of  Interest  in  tension 
C  -•  surface  of  interest  in  compression 


S 


Table  B-9 

Test  60882>13«2,  Normalized  Flexure  Data 
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■poclBon 

number 

★ 

failuro  ocroaa 
d>Aeeual  d<i>nomal. 
<k«l) 

bonding  oclff. 
d*Actuol  d-moraol . 

(aol) 

F3A 

control 

C 

146.2 

146.0 

11.8 

11.8 

r3B 

A  peintod 

C 

1S6.8 

174.8 

10.4 

12.2 

F3C 

B  roaovod 

c 

163.0 

166.5 

11.5 

11.9 

F3D 

G  palntod 

c 

1S6.4 

182.7 

9,9 

12,5 

*  T  •  a-4rf«e«  of  Intorose  in  tons  ion 
C  -  curfoco  of  Intocoot  in  conprosolon 


Tabl«  B.10 

Tcfi  60882*13-3,  NormallMd  Flfxur*  Data 


apcclmon 

width 

depth 

failure 

failure 

average 

stress 

nuabor 

load 

streaa 

e 

d*actual 

d-normal . 

(in.) 

(in.) 

(Iba.) 

(p*i) 

(pci) 

S2A-1 

0.2463 

0.0747 

169 

6893 

C 

S2A-2 

0.2310 

0.0748 

173 

6997 

C 

S2A-3 

0.2458 

0.0742 

171 

7032 

c 

6341 

6441 

S2A-4 

0.2319 

0.0745 

147 

5875 

c 

S2A-S 

0.2482 

0.0746 

134 

6242 

c 

S2A-6 

0.2307 

0.0752 

136 

6207 

c 

S2B-1 

0.2334 

0.0770 

172 

6613 

c 

82B-2 

0.2303 

0.0762 

172 

6763 

c 

S2B-3 

0.2447 

0.0760 

137 

3330 

c 

6493 

6622 

S2B-4 

0.2326 

0.0773 

180 

6913 

c 

82B-3 

0.2496 

0.0786 

176 

6728 

c 

82B-6 

0.2309 

0.0788 

169 

6412 

c 

82C-1 

0.2322 

0.0719 

110 

4350 

c 

82C-2 

0.2308 

0.0747 

156 

6246 

c 

82C-3 

0.2321 

0.0733 

167 

6784 

c 

6270 

6095 

82C*4 

0.2431 

0.0730 

138 

3833 

c 

82C-3 

0.2497 

0.0743 

174 

7039 

c 

82C*6 

0.2497 

0.0730 

179 

7169 

c 

82D-1 

0.2368 

0.0793 

183 

6796 

c 

82D-2 

0.2339 

0.0784 

187 

6991 

c 

82D-3 

0.2380 

0.0776 

168 

6293 

c 

6291 

6553 

820-4 

0.2333 

0.0796 

159 

3868 

c 

820-3 

0.2363 

0.0797 

168 

6168 

c 

820-6 

0.2349 

0.0789 

131 

3631 

c 

*  T  •  control  or  cbrcdod  furfaeo  in  ton* Ion 
C  •  control  or  cbrcdod  ourfaeo  in  coaproooion 


Tabid  B-ll 

TtH  608n-U-2,  Shear  Data 


speciman 

width 

dapth 

failura 

failura 

avaraga  straas 

nufflbar 

load 

atraaa 

a 

d-actual  d-nomal. 

(in.) 

(In.) 

(Iba.) 

(pel) 

(pal) 

S3A-1 

0.2514 

0.0751 

156 

6202 

C 

S3A-2 

0.2522 

0.0751 

123 

4875 

C 

S3A-3 

0.2499 

0.0744 

152 

6137 

c 

6101 

6098 

S3A-4 

0.2476 

0.0749 

171 

6917 

c 

S3A-5 

0.2521 

0.0745 

150 

5994 

c 

S3A-6 

0.2523 

0.0748 

163 

6483 

c 

S3B-1 

0.2519 

0.0775 

177 

6806 

c 

S3B-2 

0.2527 

0.0782 

142 

5389 

c 

S3B-3 

0.2462 

0.0766 

153 

6085 

c 

5808 

6044 

S3B-4 

0.2521 

0.0786 

163 

6173 

c 

S3B-S 

0.2501 

0.0781 

153 

5880 

c 

S3B-6 

0.2485 

0.0782 

117 

4516 

c 

S3C-1 

0.2505 

0.0762 

138 

5423 

c 

S3C-2 

0.2512 

0.0752 

145 

5757 

c 

S3C-3 

0.2452 

0.0752 

159 

6472 

c 

5877 

5976 

S3C-4 

0.2514 

0.0769 

141 

5471 

c 

S3C-5 

0.2512 

0.0768 

160 

6224 

c 

S3C-6 

0.2431 

0.0762 

146 

5912 

c 

S3D-1 

0.2562 

0.0814 

167 

6006 

c 

S3D-2 

0.2558 

0.0812 

182 

6572 

c 

S3D-3 

0.2554 

0.0812 

158 

5714 

c 

5818 

6328 

S3D-4 

0.2547 

0.0812 

155 

5621 

c 

S3D-5 

0.2560 

0.0816 

170 

6104 

c 

S3D-6 

0.2556 

0.0816 

136 

4890 

c 

*  T  -  control  or  obrodod  aurfaco  In  conalon 
C  -  control  or  abradod  aurfaca  In  coapraaalon 


TaUe  B-12 

Test  60882-13*3,  Shear  DaU 


Flexur*  and  Shaar  Taat  Raaulta 
Taata  60882-18-1  and  -2 
Bicarbonata  Blast 


Results  are  presented  in  the  attached  tables  of  mechanical  tests  perfonned  to  evaluate  the 
effects  of  paint  removal  methods.  Four  surface  conditions  were  investigated  for  each  of 
;two  panels.  Note  that  the  specimen  lettering  sequence  is  different  from  previous,  tests, 
however  the  data  is  present^  in  the  same  order  as  before. 


60882-15  -B 
-A 
-D 
-C 


uncoated  panel  (control) 
primed  and  top  coated 
-A  and  paint  removed 
•D  and  new  primer  and  top  coat 


In  all  cases  the  surface  of  interest  was  tested  in  compression.  Tables  B-13  and  B-14  show 
the  flexure  data  for  panels  60882-15*1  and  -2,  respectively.  Tables  B-15  and  B-16 
sumnaarize  the  flexure  data  fo^  the  actual  thickness  and  a  normalized  thickness  which  is 
the  average  thickness  of  the  conffol  group.  The  normalized  data  are  useful  in  comparing 
the  strength  and  stiffness  values  to  the  control  group.  The  data  generally  follows  previous 
■  observations.  A  shear  mode  of  failure  was  observed  for  two  painted  specimens  from 
panel  60882- 15-2.  ;;  v 

Scanning  electron  inicroscopy  (SEM)  was  used  to  evaluate  the  surface  condition  of  each 
group  within  panel  60882-15-1  and  -2.  SEM  was  also;  used  to  evaluate  panel  60882-13-2 
which  was  stripped  using  a  rotary  sander.  A  description  of  the  observadons  follows: 

60882-15-1  -B  Relatively  resin  rich  with  peel  ply  pattern  visible. 

-A  Bumpy  but  uniform  and  no  large  peaks  or  valleys.  Some  areas  Oat 
and  cracked. 

-D  Rough  with  jagged  appearance,  unifonn.  (stripped  to  primer) 
tC  Similar  to  -A  but  rougher  and  some  fiber  particles. 


60882-15-2  -D  Fibers  clearly  visible  (stripped  to  laminate).  Minimal  matrix  damage 

although  significant  removal.  No  fiber  damage. 

-C  Almost  identical  to  15-1-A  but  slightly  rougher.  No  flat  cracked 
areas. 


60882-13-2  -  -C  Very  rough  and  non-unifonn.  Orooves  visible.  Minimal  fiber 

rP  .  Identica)  to  15-2*C 


\  .’- 

■  .  ^  •- 


specimen 

width 

depth 

failure 

cross . 

ref. 

failure  bending 

failure 

number 

load 

defl. 

load 

stress 

stiff. 

mode 

(in.) 

(In.) 

(lbs.) 

(in.) 

(lbs.) 

(ksi) 

(Ml) 

★ 

FlB-1 

1.0030 

0.0762 

370 

0.3150 

190 

147.1 

11.7 

C 

FlB-2 

0.9930 

0.0766 

380 

0.3150 

195 

151.0 

12.0 

C 

FlB-3 

0.9985 

0.0773 

380 

0.3199 

195 

147.3 

11.6 

c 

'  FlB-4 

1.0030 

0.0763 

390 

0.3051 

205 

154.8 

12.6 

c 

FlA-1 

1.0034 

0.0790 

445 

0.4281 

190 

162.1 

10.5 

T/C 

'>lA-2 

1.0017 

0.0803 

445 

0.3740 

200 

158.1 

10.6 

T/C 

.  'FU-3 

1.0010 

0.0789 

430 

0.5315 

190 

155.4 

10.6 

T 

,  Fli»-4 

1.0023 

0.0793 

450 

0.4823 

190 

161.7 

10.4 

C 

^  FlD-1 

1.0035 

0.0747 

390 

0.3i;^i 

185 

160.7 

12.1 

C 

FlD-2 

0.9958 

0.0746 

380 

0..UUO 

190 

159.0 

12.6 

c 

•tlD-3 

0.9990 

0.0744 

,  :;'385 

0.3;+8 

190 

161.2 

12.7 

c 

•  FlD-4 

0.9963 

0.0737 

365 

0.2953 

195 

156.7 

13.4 

c 

FlC-1 

1.0006 

0.0790 

460 

0.4675 

190 

167.2 

10.6 

T 

FlC-2 

0.9940 

0.0799 

450 

0.4724 

185 

160.8 

10.0 

T 

FlC-3 

1.0007 

0.0781 

450 

0.4724 

185 

167.4 

10.6 

T 

FlC-4 

0.9977 

0.0775 

440 

0.4872 

185 

166.5 

10.9 

T 

*  T  -  tension  failure 
C  compression  failure 


Table  B.13 

Test  60832-15*!,  Raw  Flexure  Data 


I 
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>v 


r 

’  ■ 


specimen 

width 

depth 

failure 

cross . 

ref. 

failure  bending  failure 

number 

(In. ) 

(In.) 

load 

(lbs.) 

defl. 

(In.) 

load 

(lbs.) 

stress 

(ksl) 

stiff. 

(mj^l) 

mode 

* 

F2B-1 

1.0052 

0.0736 

375 

0.3297 

185 

159.4 

12.7 

c 

F2B-2 

1 . 0040 

0.0736 

350 

0.3051 

185 

149.4 

12.7 

r. 

F2B-3 

1.0058 

0.0751 

345 

0.2904 

185 

lAl .  3 

11.9 

1 

c 

F2B-A 

1.0010 

0.0/38 

350 

0.3100 

180 

148.9 

12.3 

c 

F2A-1 

1.0042 

0.0765 

430 

0.4183 

185 

167.4 

11.3 

c. 

F2A-2 

1.0035 

0.07GO 

430 

0.4577 

180 

169.0 

11.2 

c/s 

F2A-3 

1.0038 

0.0764 

410 

0  3494 

185 

161.4 

11.3 

'  c 

'  F2A-A 

1.0009 

0.0761 

390 

0.3691 

185 

154.8 

11.5 

c 

F2D1 

0.9979 

0.0731 

410 

0.3789 

190 

177,0 

13.4 

c 

F2D.2 

F2D-3 

testing  problem 
1.0033  0.0733 

400 

0.3642 

180 

171.1 

12.5 

c 

F2D-4 

1.0035 

0.0721 

380 

0.3543 

180 

168.3 

13.1 

c 

F2C-1 

1.0031 

0.0778 

455 

0.4626 

195 

170.4 

11.3 

T 

F2C-2 

1.0033 

0.0767 

425 

0.3986 

185 

165.1 

11.2 

.  C/S 

F2C-3 

1.0010 

0.0767 

465 

0.4577 

195 

179.8 

11.8 

T 

F2C-4 

1,0026 

0.0761 

420 

0,4331 

180 

165.2 

11.2 

T 

*  T  -  tension  failure 
C  •  compression  failure 
8  «  shear  failure 


Table  B-14 

Test  60882*15*2,  Raw  Flexure  Data 
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^specimen 
nuinbf  r 

FIB 

( 

‘  FIA  . 
FID 
FlC 

I 


♦  T 
C 


/ 


\ 


£«ilur«  3tr«ss  bending  stiff . 

d*«ccu«l  d^nornel.  d*eccuel  dantomel. 

(k«l)  (Ml) 


control 

C 

150.1 

150.1 

12.0 

12.0 

}  painted 

C 

159.3 

171.4 

10.5 

11.7 

‘4  removed 

C 

159.4 

150.0 

12.7 

11.6 

>  painted 

C 

165.5 

174.6 

10.5 

11.4 

>  surface  of  interest  in  tension 
•  surface  of  Interest  In  cooprasslon 


Table  B-15 

Test  6088245-1,  Normalized  Flexure  Data 


>41 


specimen 

number 

* 

failure  stress 
d-actual  d-normal. 
(ksi) 

bending  stiff, 
d-actual  d-normal. 
(msi) 

F2B 

control 

C 

149 . 7 

149.8 

12.4 

12.4 

F2A 

B  painted 

C 

163.1 

173.5 

11.3 

12.4 

F2D 

A  removed 

c 

172.1 

166.7 

13.0 

12.4 

F2C 

D  painted 

c 

170.1 

183.7 

11.4 

12.8 

*  T  -  surface  of  interest  in  tension 
C  *  surface  of  interest  in  compression 


Table  B-16 

Test  60S8245-2,  Normalized  Flexure  Data 
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specimen 

width 

depth 

failure 

failure 

average  stress 

number 

load 

stress 

* 

d-actual  d*normal. 

(in.) 

(in.) 

(lbs.) 

(psi) 

(psi) 

SlB-1 

0.2314 

0.0766 

165 

6982 

C 

SlB-2 

0.2305 

0.0761 

139 

5943 

C 

SlB-3 

0.2313 

0.0755 

156 

6700 

c 

7148  7145 

SlB-4 

0.2303 

0.0770 

172 

7275 

c 

SlB-5 

0.2303 

0.0775 

190 

7984 

c 

SlB-6 

0.2321 

0.0767 

190 

8005 

c 

SlA-1 

0.2299 

0.0776 

160 

6726 

c 

SlA-2 

0.2308 

0.0775 

156 

6541 

c 

SlA-3 

0.2310 

0.0786 

176 

7270 

c 

6548  6675 

SlA-4 

0.2300 

0.0782 

157 

6547 

c 

SIA-S 

0.2317 

0.0782 

150 

6209 

c 

SlA-6 

0.2314 

0.0784 

145 

5994 

c 

SlD-1 

0.2307 

0.0759 

178 

7624 

c 

SlD-2 

0.2298 

0.0767 

178 

7574 

c 

SlD-3 

0.2295 

0.0759 

177 

7621 

c 

7642  7597 

SlD-4 

0.2293 

0.0763 

183 

7845 

c 

SlD-5 

0.2299 

0.0764 

186 

7942 

c 

SlD-6 

0.2297 

0.0757 

168 

7246 

c 

SlC-1 

0.2294 

0.0795 

147 

6045 

c 

SlC-2 

0.2310 

0.0797 

168 

6844 

c 

SlC-3 

0.2302 

0.0805 

153 

6192 

c 

6564  6777 

SlC-4 

0.2300 

0.0780 

138 

5769 

c 

SlC-5 

0.2316 

0.0778 

164 

6826 

c 

SlC-6 

0.2316 

0.0790 

188 

7706 

c 

*  T  ^  control  or  abraded  surface  In  tension 
C  -  control  or  abraded  surface  In  compression 


Table  B-17 

Test  60882-15-1,  Shear  DaU 
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pecimen 

width 

depth 

failure 

failure 

average  stress 

number 

load 

stress 

★ 

d*actual  d- 

normal . 

(In.) 

(in.) 

(lbs.) 

(psi) 

(psi) 

S2B-1 

0.2368 

0.0753 

172 

7235 

C 

S2B-2 

0.2364 

0.0749 

185 

7836 

c 

S2B-3 

0.2368 

0.0745 

184 

7822 

c 

7493 

7611 

S2B-4 

0.2360 

0.0755 

174 

7324 

c 

S2B-5 

0.2367 

0.0755 

166 

6967 

c 

S2B-6 

0.2370 

0.0753 

185 

7775 

c 

S2A-1 

0.2460 

0.0786 

183 

7098 

c 

S2A-2 

0.2473 

0.0781 

195 

7572 

c 

S2A-3 

0.2452 

0.0774 

177 

6995 

c 

7112 

7519 

S2A-4 

0.2371 

0.0788 

158 

6343 

c 

S2A.5 

0.2363 

0.0782 

175 

7103 

c 

S2A-6 

0.2356 

0.0783 

186 

7562 

c 

S2D-1 

0.2368 

0.0743 

169 

7204 

c 

S2D-2 

0.2370 

0.0744 

187 

7954 

c 

S2D-3 

0.2365 

0.0738 

177 

7606 

c 

7491 

7491 

S2D-4 

0.2370 

0.0739 

168 

7194 

c 

S2D.5 

0.2353 

0.0740 

176 

7581 

c 

S2D>6 

0.2367 

0.0736 

172 

7405 

c 

S2C-1 

0.2363 

0.0776 

177 

7240 

c 

S2C-2 

0.2382 

0.0788 

185 

7392 

c 

S2C-3 

0.2372 

0.0797 

185 

7339 

c 

7271 

7708 

S2C-4 

0.2366 

0.0775 

181 

7403 

c 

S2C-5 

0.2371 

0.0787 

191 

7677 

c 

S2C-6 

0.2357 

0.0784 

162 

6575 

c 

*  T  -  concrol  or  abraded  surface  in  tension 
C  -  control  or  abraded  surface  in  conpression 


TaMe  B-18 

Test  6088245-2,  Shear  Data 
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FItxura  and  Shear  Taat  Raaulta 
Taata  60882-15-7  and  -9 
Excimar  Laaar  Paint  Ramoval 


Results  are  presented  in  the  attached  tables  of  mechanical  tests  performed  to  evaluate  the 
effects  of  paint  removal  methods.  Four  surface  conditions  were  to  be  investigated  for  each  of 
two  panels,  however,  configuration  "C"  was  painted  and  thus  was  not  available  for  testing. 


60882*15*  -A 
•B 
-C 
-D 


uncoated  panel  (control) 
primed  and  top  coated 
-B  and  paint  removed 
•C  and  new  primer  and  top  coat 


In  all  cases  the  surface  of  interest  was  tested  in  compression.  Tables  B-19  and  B-20  show  the 
flexure  data  for  panels  60882*15*7  and  *9,  respectively.  Tables  B-21  and  B-22  summarize  the 
flexure  data  for  the  actual  thickness  and  a  normalized  thickness  which  is  the  average 
thickness  of  the  control  group.  The  normalized  data  are  useful  in  comparing  the  strength  and 
stiffness  values  to  the  control  group.  The  data  generally  follows  previous  observations. 


The  material  that  was  suppose  to  be  configuration  "C"  has  been  sent  to  Aerospace  Testing 
Laboratoiy  for  use  in  checking  their  ultrasonic  inspection  setup  for  future  tests. 


34f 


■paclman 

width 

dapeh 

failura 

nuabar 

load 

(In.) 

(in.) 

(Iba.) 

P7A-1 

1.0000 

0.0785 

380 

F7A-2 

1.0000 

0.0790 

383 

f7A.3 

1.0001 

0.0763 

380 

r7A.4 

1.0001 

0.0795 

390 

F7B-1 

1.003S 

0.0610 

475 

F7B-2 

1.003S 

0.0810 

480 

F7BO 

0.999S 

0.0803 

480 

F7B-A 

1.0033 

0.0798 

470 

F7C-1 

no  eaae 

0.0000 

0 

F7C-2 

no  eaae 

0.0000 

0 

F7CO 

no  eaae 

0.0000 

0 

F7C.4 

no  eaae 

0.0000 

0 

F7D«l 

1.0023 

0.0837 

483 

F7D-2 

1.0000 

0.0830 

493 

F7DO 

1.0023 

0.0823 

470 

F7D'4 

1.0000 

0.0818 

430 

croaa. 

raf. 

failura  banding  failura 

dafl. 

load 

aeraaa 

aeiff. 

■oda 

(In.) 

(Iba.) 

(kai) 

(■ai) 

a 

0.3125 

200 

142.7 

11.3 

C 

0.3031 

203 

142.8 

11.4 

C 

0.3002 

203 

142.9 

11.6 

c 

0.3076 

203 

142.8 

11.2 

c 

0.4577 

203 

163.7 

10.3 

T 

0.3986 

210 

166.7 

10.8 

C/f 

0.4237 

203 

168.9 

10.8 

C 

0.4380 

200 

167.3 

10.8 

T 

0.0000 

0 

lU 

ERR 

0.0000 

0 

tUL 

ERR 

0.0000 

0 

USL 

ERR 

0.0000 

0 

ERR 

ERR 

0.4724 

210 

136.1 

9.8 

T 

0.4478 

210 

163.1 

10.1 

C/f 

0.4232 

200 

137.6 

9.8 

T/C 

0.3839 

193 

134.0 

9.8 

T 

*  T  <•  tcniion  f«llur« 

C  •  eooprfiflon  fAllur# 
f  •  ahcar  fallura 


TaMf  B*19 

Tail  60M3«15«7f  Raw  FIfxiirf  Data 


14# 


fp«clm«n 

nuabar 


F9A-1 

F9A-2 

P9A.3 

r9A.4 

F9B-1 

F9B.2 

F9B-3 

F9B-4 

F9C.I 

F9C.2 

F9C.3 

F9C.4 

F9D-1 

P9D.2 

F9D.3 

F90-4 


*  T 

C 

8 


width 

depth 

failure 

load 

cross . 

defl. 

ref. 

load 

failure  bending  failure 
stress  stiff,  mode 

(in.) 

(in.) 

(Iba, ) 

(in. ) 

(lbs.) 

(ksi) 

(msi) 

* 

0.9995 

0.0765 

375 

0.3100 

190 

148.5 

11.7 

C 

0.9895 

0.0765 

375 

0.3150 

190 

149.9 

11.8 

c 

0.9905 

0.0765 

365 

0.3002 

195 

146.0 

12.1 

c 

0.9980 

0.0768 

360 

0.2904 

195 

142.0 

11.8 

c 

0.9985 

0.0788 

475 

0.4478 

200 

174.4 

11.2 

c/s 

1.0015 

0,0788 

420 

0.3494 

195 

155.6 

10.9 

c 

1.0000 

0,0797 

450 

0.4183 

200 

161.7 

10.8 

c 

l.OOlO 

0.0800 

405 

0.3292 

200 

145.9 

10.7 

c 

no  test 

0.0000 

0 

0.0000 

0 

ERR 

ERR 

no  test 

0.0000 

0 

0.0000 

0 

ERR 

ERR 

no  test 

0.0000 

0 

0,0000 

0 

ERR 

ERR 

no  test 

0.0000 

0 

0.0000 

0 

ERR 

ERR 

0.9990 

0.0812 

460 

0.4158 

200 

159.3 

10.3 

T/C 

l.OOlO 

0.0815 

430 

0.3765 

195 

148.2 

9.9 

C 

0.9900 

0.0817 

495 

0,4528 

205 

170.0 

10.4 

C/S 

l.OOOO 

0.0810 

480 

0.4528 

200 

166.1 

10.3 

T 

tension  failure 
eoDpreesion  failure 
■hear  failure 


Tabic  B.20 

Test  60882*15«9t  Raw  Flexure  Data 
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specimen 

number 

* 

failure  stress  (ksi) 
d^actual  d-normal. 

0.0775 

banding  stiff,  (msl) 
d*actual  d-normal . 

0.0775 

F9A 

control 

C 

142.8 

148.0 

11.4 

12.0 

F9B 

A  painted 

c 

166.7 

180.6 

10.7 

12.0 

F9C 

B  removed 

c 

no  test 

0.0 

0.0 

0.0 

F9D 

C  painted 

c 

157.7 

180.2 

9.9 

12.0 

*  T  surface  of  incereac  in  tension 
C  •  surface  of  Interest  in  compression 


Table  B-21 

Test  60882<15‘7,  Normalized  Flexure  Data 


24a 


aptclman 


failure  screea  (ksl)  bending  etiff.  (aei) 


laber 

* 

d>eecuel 

d<»normel . 
0.0761 

d^eecuel 

d^orael. 

0.0761 

F9A 

concrol 

C 

146.6 

148.5 

11.9 

12.1 

F9B 

A  pelneed 

C 

159.4 

173.4 

10.9 

12.4 

F9C 

B  renoved 

c 

no  ceec 

0.0 

0.0 

0.0 

F9D 

C  pelneed 

c 

160.9 

184.6 

10.2 

12.5 

*  T  •  eurfece  of  Incereec  In  tenelon 
C  «  eurfece  of  Incereec  In  coapreeelon 


Tablf  B«22 

Test  d0882*15-9,  NorniAlIzfd  Flexurt  Data 


S4f 


•pceiiMn 

numb«r 


S7A.I 

S7A-2 

87A-3 

S7A-4 

S7A-5 

S7A<6 

S7B-1 

S7B-2 

87B-3 

87B>4 

87B-S 

87B'6 

87C-1 

87C-2 

S7C-3 

87C-4 

87C-5 

87C-6 

87D-1 

87D-2 

87D>3 

S7D-4 

S7D-5 

87D-6 


♦  T 
C 


width 

depth 

failure 

failure 

average  acreaa  (pel) 

load 

acreas 

* 

d-actual  d-nomal. 

(In.) 

(In.) 

(Iba.) 

(psi) 

0.0775 

0.2460 

0.0765 

190 

7572 

C 

0.2465 

0.0765 

188 

7477 

C 

0.2460 

0.0760 

183 

7341 

c 

7250  7156 

0.2465 

0.0770 

180 

7113 

c 

0.2430 

0.0765 

176 

7101 

c 

0.2460 

0.0765 

173 

6895 

c 

0.2460 

0.0790 

173 

6676 

c 

0.2450 

0.0785 

175 

6824 

c 

0.2460 

0.0775 

190 

7474 

c 

7262  7340 

0.2455 

0,0790 

180 

6961 

c 

0.2460 

0.0785 

191 

7418 

c 

0.2450 

0.0775 

208 

8216 

c 

no  teat 

0,0000 

0 

ERR 

c 

no  teat 

0.0000 

0 

ERR 

c 

no  teat 

0.0000 

0 

ERR 

c 

ERR  ERR 

no  taat 

0.0000 

0 

ERR 

c 

no  teat 

0.0000 

0 

ERR 

c 

no  teat 

0.0000 

0 

ERR 

c 

0.2445 

0.0820 

157 

5873 

c 

0.2465 

0.0820 

173 

6419 

c 

0.2445 

0.0820 

163 

6098 

c 

6490  6881 

0.2420 

0.0825 

202 

7588 

c 

0.2440 

0.0830 

182 

6740 

c 

0.2440 

0.0815 

165 

6223 

c 

concrol  or  abraded  surfaca  In  tansion 
control  or  abraded  eurface  In  compreeeion 


TaMt  B-23 

Test  6088M5-7,  Shear  Data 


880 


specimen 

width 

depth 

failure 

failure 

average  stress  (psi) 

Tiumber 

load 

stress 

* 

d^actual 

d-normal . 

(in.) 

(in.) 

(lbs.) 

(psi) 

0.0761 

S9A-1 

0.221S 

0.0760 

164 

7307 

C 

iS9A-2 

0.219S 

0.0770 

160 

100 

C 

^9A-3 

0.2175 

0.0750 

140 

^■•6437 

c 

6916 

6884 

S9A-4 

0.2205 

0.0765 

152 

6758 

c 

S9A-5 

0.2195 

0.0750 

152 

6925 

c 

S9A.6 

0.2210 

0.0750 

154 

6968 

c 

S9B-1 

0.2205 

0.0780 

153 

6672 

c 

S9B-2 

0.2160 

0.0785 

156 

6900 

c 

S9B.3 

0.2185 

0.0790 

159 

6908 

c 

6980 

7192 

S9B.4 

0.2200 

0.0785 

176 

7643 

c 

'  '•ii* 

S9B.S 

0.2205 

0.0780 

155 

6759 

c 

’.  ■_  •’f>7 ! ' 

S9B.6 

0.2185 

0.0785 

160 

6996 

c 

S9C-1 

no  test 

0.0000 

0 

ERR 

c 

S9C-2 

no  test 

0.0000 

0 

ERR 

c 

S9C-3 

no  test 

0.0000 

0 

ERR 

c 

ERR 

ERR 

S9C.4 

no  test 

0.0000 

0 

ERR 

c 

S9C.5 

no  test 

0.0000 

0 

ERR 

c 

S9C-6 

no  test 

0.0000 

0 

ERR 

c 

S9D-1 

0.2175 

0.0820 

164 

6897 

c 

S9D.2 

0.2185 

0.0815 

169 

7118 

c 

S9D.3 

0.2180 

0.0810 

160 

6796 

c 

7108 

7565 

S9D-4 

0.2205 

0.0810 

178 

7475 

c 

S9D-5 

0.2205 

0.0805 

167 

7056 

c 

S9D-6 

0.2220 

0.0800 

173 

7306 

c 

*  T  •  control  or  abraded  surface  in  tension 
C  «  control  or  abraded  surface  in  compression 


Table  B.24 

Test  60882.15-9,  Shear  DaU 


.^eclmen 

width 

depth 

failure 

cross. 

ref. 

failure  bendlnjs  failure 

“dumber 

load 

defl. 

load 

stress 

stiff. 

mode 

(in.) 

(In.) 

(lbs.) 

(In.) 

(lbs.) 

(ksl) 

(msi) 

* 

1617K-1 

0.9980 

0.0805 

405 

0.2804 

225 

145.3 

11.9 

c 

1617A-2 

0.9965 

0.0802 

410 

0.2854 

225 

148.4 

12.0 

c 

1617A-3 

0.9945 

0.0800 

410 

0.2903 

223 

149.3 

12.0 

c 

1617A-4 

0.9960 

0.0790 

395 

0.2854 

220 

147.5 

12.3 

c 

1617B-1 

0.9980 

0.0810 

490 

0.3937 

220 

171.2 

11.4 

T/C 

1617B-2 

0.9975 

0.0815 

495 

0.3937 

225 

170.9 

11.4 

T/C 

1617B-3 

0.9990 

0.0815 

505 

0.3592 

230 

174.8 

11.7 

c 

1617B-4 

0.9890 

0.0815 

445 

0.3494 

233 

155.8 

11.9 

c 

1617C.1 

0.9960 

0.0820 

435 

0.3002 

228 

150.3 

11.4 

c 

1617C.2 

0.9965 

0.0825 

425 

0.2953 

230 

145.0 

11.3 

c 

1617C-3 

0.9985 

0.0815 

390 

0.2805 

218 

136.4 

ll.l 

c 

1617C-4 

0.9980 

0.0810 

405 

0.2903 

218 

143.3 

11.3 

c 

,  1617D-1 

0.9930 

0.0825 

455 

0.3445 

215 

154.8 

10.6 

c 

■  1617D-2 

0.9955 

0.0840 

460 

0.3248 

225 

150.9 

10.5 

c 

1617D-3 

0.9950 

0.0845 

510 

0.3494 

240 

164.8 

11. 0 

c 

16170.4 

0,9975 

0.0835 

475 

0.3642 

215 

156.6 

10.2 

c 

,T  “  tension  failure 
'  C  -  coapresslon  failure 
S  -  shsat’  failure 

. 

Table  B-25 

Teat  <^2-1617,  Raw  Flexure  Data 


253 


gp«cim«n 

nunbar 

1617a 

1617B 

1617C 

1617D 


fallur*  straag  (kai)  banding  stiff,  (nsl) 


* 

d«actual 

d-nornal . 
0.08 

d-actual 

d^nornal . 
0.08 

c 

147.6 

147.3 

12.0 

12.0 

c 

166.2 

174.1 

11.6 

12.2 

c 

143.8 

150.3 

11.3 

12.0 

c 

136.8 

171.7 

10.5 

12.0 

T  •  turfaea  of  Incaratc  In  tans  ion 
C  «  surfaca  of  Intarast  In  comprassion 


TiMc  B-U 

Tot  60882*1617,  NiimuiiiMd  Flexure  Data 


tM 


Key  for  Protective  Coated  Panels 


Coated 
Panel  No. 


2A 


2B 


2C 


3A 


3B 


3C 


4A 


4B 


Compoaite 
Panel  No. 


25-4 


23-3 


21-4A 


21-3 


26-1 


21-4B 


21-1 


21-2 


i£. 

5A 

i£ 

5D 


20-3 

22-1 

26-8 

24.SA 

26-4 


Coating  Name 
Desoto,  Qear 
Desoto.  Clear 
Desoto.  Qear 
Desoto.  Yellow 
Desoto.  Yellow 
Desoto,  Yellow 
Hughes  HRG3/A3 
Hughes  HRG3/A3 
Hughes  HRG3/A3 
Lord,  Chemglaze 
Lord,  Chemglaze 
Lord,  Chemglaze 
Lord,  Chemglaze 


Panel  End  Use 

Abrasive 

PMB _ 

Extra  Testing 
Abrasive 

PMB _ 

Extra  Testing 
Abrasive 

PMB _ 

Extra  Testing 
Abrasive 

PMB _ 

Extra  Testing 
Extra 


24-8 


Pratt  ft  Lambert 


Abrasive 


6B 


24-10 


Pratt  ft  Lamben 


PMB 


6C 


24.5B 


Piatt  ft  Lamben 


Extra  Testing 


7A 


22-2 


Control.  No  PC 


Abrasive 


7B 


20-1 


Control.  No  PC 


PMB 


7C 


25-lB 


Control,  No  PC 


Extra  Testing 


8A 


26-3 


3M  Adh.  Film 


Abrasive 


8B 


26-5 


3M  Adh.  Film 


PMB 


8C 


22-3 


3M  Adh.  Film 


Extra  Testing 


9A 


27-3 


Hysol,  Synskin 


Abrasive 


9E 


27-6 


Hysol,  Synskin 


PMB 


9C 


27-4 


Hysol,  Synskin 


Extra  Testing 


9D 


27-3 


Hysol,  Synskin 


Extra  Panei 


lOA 


27-1 


Hysol  Adh.  Film 


Abrasive 


lOB 


27-7 


Hysol  Adh.  Rim 


PMB 


IOC 


27-2 


Hysol  Adh,  Film 


Extra  Testing 


Figure  B«4 

Panels  with  Protective  Coating  for 
Evaluation  Against  Paint  Removal  Methods 


(11 

Primer 

Topcoat 

(21 

Protective  Coating 

Primer 

Topcoat 

Unstripped 

Unstripped 

Test  as  is  • 

Mechanical  Property  Testing 

o.% 

Test  as  is  - 

Mechanical  Property  Testing 

0,1 

(31 

Protective  Coating 

Primer 

Topcoat 

(41 

Protective  Coating 

Primer 

Topcoat 

Strip  Once 

Strip  Once 

Reprime  &.  Topcoat  •  for 
Mechanical  [*r^rty  Testing 

U 

Do  not  recoat  -  for 
coating  tests 

1,1 

(5J 

Protective  Coating 

Primer 

Topcoat 

(61 

Protective  Coating 

Primer 

Topcoat 

Strip  Twice 

Strip  Three  Times 

Reprime  St  Topcoat  •  for 
Mechanical  IVopeiiy  Testing 

w 

Reprime  A  Topcoat  •  for 
Mechanical  Pr^rty  Testing 

3A 

(71 

Protective  Coating 

Primer 

Topcoat 

(SI 

Protective  Coating 

Primer 

Topcoat 

Strip  Four  Times 

Strip  Four  Times 

Do  list  recoat  •  for 
coating  tests 

4,4 

Reprime  A  Topcoat  •  for 
co^g  tesu 

44 

(91 

N  Protective  Coating 

H  Primer 

1  Topcoat 

for  coating  tesu 

0.1 

*Number  in  lower  right  hand  comer  indicaiei  the  number  of  paint  removal  cyclea,  and  the  number  of 
timea  painted. 


specimen 

width 

depth 

failure 

cross . 

ref. 

failure 

bending 

failure 

number 

load 

defl. 

load 

stress 

stiff. 

mode 

(In.) 

(in.) 

(lbs.) 

(in.) 

(lbs.) 

(ksi) 

(msl) 

* 

2A2-1 

0.9980 

0.0879 

495 

0.3691 

225 

146.7 

9.1 

T 

2A2-2 

0.9900 

0.0884 

525 

0.3691 

240 

155.1 

9.6 

C 

2A2-3 

1.0010 

0.0878 

523 

0.3937 

225 

154.4 

9.1 

C 

2A2-4 

0.9950 

0.0888 

535 

0.3937 

230 

155.3 

9.1 

T 

2A2-5 

0.9975 

0.0885 

507 

0.3986 

228 

147.7 

9.0 

T 

2A3-1 

0.9870 

0.0894 

510 

0.3863 

230 

147.3 

8.9 

C 

2A3-2 

1.0020 

0.0898 

560 

0.4527 

240 

156.4 

9.1 

T 

2A3-3 

1.0010 

0.0898 

540 

0.3814 

240 

152.5 

9.1 

T 

2A3  «4 

1.0000 

0.0893 

580 

0.4035 

250 

165.3 

9.6 

T 

2A3-5 

1.0010 

0.0891 

550 

0.3814 

245 

157.8 

9.5 

T 

2B2.1 

0.9985 

0.0876 

560 

0.3789 

255 

166.9 

10.4 

T 

2B2-2 

1.0015 

0.0896 

560 

0.3543 

260 

159.4 

9.9 

C 

2B2-3 

0.9990 

0.0880 

505 

0.3199 

255 

150.2 

10.3 

C 

2B2-4 

1.0025 

0.0883 

540 

0.3838 

245 

157.6 

9.7 

T 

2B2-5 

1.0030 

0.0877 

435 

0.2805 

240 

130.5 

9.7 

C 

2B3'1 

0.9985 

0.0905 

560 

0.3765 

250 

156.1 

9.3 

T 

2B3-2 

1.0005 

0.0905 

550 

0.3543 

250 

153.5 

9.3 

C 

2B3-3 

1.0015 

0.0912 

575 

0.3888 

245 

157.1 

8.8 

T 

2B3-4 

1.0030 

0.0907 

520 

0.3297 

255 

144.6 

9.4 

C 

2B3-5 

1.0010 

0.0911 

575 

0.3691 

260 

157.9 

9.4 

T 

*  T  -  tenfion  failure 
C  «  coropreiflon  failure 
S  -  ahear  failure 


TaMf  B-27 

Raw  Flexure  Data,  Teata  2A2,  2A3,  2B2,  2B3 


8f7 


specimen 

width 

depth 

failure 

cross . 

ref. 

failure  bending 

failure 

number 

load 

defl. 

load 

stress 

stiff. 

mode 

(in.) 

(in.) 

(lbs.) 

(in.) 

(lbs.) 

(ksi) 

(msi) 

* 

3A2-1 

1.0000 

0.0928 

560 

0.3715 

255 

148.2 

8.8 

C 

3A2-2 

1.0015 

0.0922 

565 

0.3740 

260 

151.2 

9.1 

T 

3A2-3 

0.9975 

0.0918 

555 

0.3691 

255 

150.6 

9.1 

C 

3A2-4 

0.9995 

0.0912 

540 

0.3691 

245 

148.2 

8.9 

C 

3A2-5 

1.0005 

0.0906 

545 

0.3691 

240 

151.5 

8.9 

C 

3A3-1 

0.9990 

0.0911 

545 

0.3838 

240 

149.7 

8.7 

T 

3A3-2 

1.0010 

0.0934 

610 

0.3838 

265 

158.8 

8.9 

T 

3A3-3 

1.0015 

0.0923 

570 

0.3838 

255 

152.0 

8.9 

T 

3A3-4 

1.0010 

0.0913 

550 

0.3789 

250 

150,2 

9.0 

T 

3A3-5 

1.0020 

0.0925 

555 

0.3642 

260 

147.7 

9.0 

T 

3B2-1 

0.9980 

0.0924 

560 

0,3789 

255 

149.6 

8.9 

T 

3B2-2 

1.0025 

0.0931 

550 

0.3434 

250 

144.8 

8.5 

T 

3B2-3 

1.0020 

0.0927 

585 

0.3642 

275 

155.0 

9.5 

T 

3B2-4 

1.0000 

0.0931 

550 

0.3346 

260 

145.3 

8.8 

C 

3B2-5 

0.9940 

o.cne 

565 

0.3691 

260 

147.8 

8.8 

T 

3EJ-1 

0.9960 

0,0935 

585 

0.3740 

270 

153.0 

9,1 

T 

3B3*2 

1,0010 

0.0936 

610 

0.4060 

265 

157.6 

8.9 

T 

3830 

1.0035 

0. ■« 

555 

0.3814 

245 

143.6 

8.2 

T 

3B3  4 

1.0005 

o.c 

610 

0.3642 

270 

157.3 

8.9 

T 

3B3'5 

0.9960 

O.OVix 

610 

0.4011 

265 

153.4 

8.5 

T 

*  T  -  t«n«lon  f«llur« 

C  -  compra««lon  failure 
S  -  ahecr  failure 


TfM«  B<28 

Raw  FIfxurc  Da^.  '^•ita  3A2, 3A3, 3B2«  3B3 


spaclman 

width 

depth 

failure 

croae. 

ref. 

failure  bending  failure 

number 

load 

defl. 

load 

etrees 

eclff. 

mode 

(In.) 

(in.) 

(Ibe.) 

(In.) 

(Ibe.) 

(kel) 

(mal) 

* 

2A8-1 

0.9970 

0.0930 

510 

0.3494 

245 

135.2 

8.4 

C/S 

2a8'2 

0.9975 

0.0912 

485 

0.3297 

250 

134.1 

9.1 

s 

2A8-3 

0,9955 

0.0923 

565 

0.3838 

255 

151.6 

8.9 

T 

2A8'4 

0.9950 

0.0908 

560 

0.3937 

265 

155.3 

9.8 

T 

2A8-5 

0.9955 

0.0910 

545 

0.3789 

255 

150,7 

9,3 

S 

2B8-1 

0.9885 

0.0967 

490 

0.3248 

245 

121.4 

7.5 

s 

2B8-2 

0.9970 

0.0933 

560 

0,3789 

248 

146.8 

8.4 

c 

2B8<3 

0.9965 

0.0933 

575 

0.3937 

270 

150.5 

9.2 

T 

2B8-4 

0.9975 

0.0928 

550 

0,4035 

248 

145,2 

8.5 

T 

2B8-S 

0.9975 

0.0928 

545 

0 . 3642 

255 

144.7 

8,8 

T 

3A8-1 

0,9835 

0,0933 

480 

0,3149 

243 

128.8 

8.3 

C 

3A8-2 

0.9975 

0.0923 

570 

0,4035 

260 

152.2 

9.1 

c 

3A8-3 

0.9970 

0.0923 

530 

0.3691 

250 

142.3 

8.8 

T 

3a8«4 

0.9975 

0.0920 

540 

0.3888 

258 

145.5 

9.1 

T 

3A8-S 

0.9980 

0.0925 

575 

0.3789 

263 

153.3 

9.1 

T 

3B8-1 

0.9980 

0.0983 

515 

0,3051 

275 

122.5 

8.0 

8 

3B8-2 

0.9945 

0.0958 

600 

0.4035 

263 

148,8 

8,3 

8 

3B8-3 

0.9955 

0.0957 

570 

0.3740 

260 

142.2 

8.2 

T 

3B8'4 

0.9970 

0.0962 

450 

0,2707 

255 

112.6 

7.9 

C 

3B8'S 

0.9955 

0.0962 

535 

0,3445 

253 

132.6 

7,8 

T/C/8 

*  T  •  tanslon  f«llur« 

C  •  coopmaslon  f«llur« 

S  -  ihcAr  fftllur* 

Noc«;  All  *1  «p«clm«ni  h«v«  an  CKpostd  ad^* 


TaM«  B-29 

Raw  Plaxurt  Data,  Taala  2A8, 2BS,  3A8, 3B8 


ipaeinan 

wldch 

dapch 

failura 

nunbar 

(in.) 

(In.) 

lead 

(Iba.) 

4A2*1 

1 . 0000 

0.0898 

480 

4A2>2 

1.0003 

0.0877 

370 

4A2'3 

0.9983 

0.0879 

443 

4A2-4 

1.0003 

0.0862 

393 

4A2-S 

1.0010 

0.0863 

343 

4A3'l 

0.99^0 

0.0894 

410 

4A3*2 

1.0010 

0.0890 

333 

4A3-3 

1.0010 

0.0890 

340 

4A3*4 

1.0010 

0.0817 

490 

4A3*S 

0.9990 

0.0818 

480 

4S2'1 

0.9880 

0.0934 

330 

4B2*2 

1.0003 

0.0924 

370 

4B20 

1.0013 

0.0917 

333 

4B2>4 

1.0010 

0.0924 

383 

4B2*S 

1.0023 

0.0918 

480 

4B3>1 

1.0000 

0.09«.3 

323 

4B3'2 

1.0010 

0.0937 

810 

4B30 

1.0003 

0.0962 

803 

4B3'4 

1.0020 

0.0960 

393 

4B3'S 

1.0013 

0.0938 

810 

*  T  - 

canalon 

failura 

C  •  oomprcfilon  f«llur« 

I  •  «h««r  failur* 


:roaa . 

raf . 

failura  bandlna  failure 

tfafl. 

load 

aeraaa 

aclff . 

mode 

(In.) 

(Iba.) 

(kal) 

(mal) 

* 

0.3740 

210 

133.8 

8.0 

C 

0.2438 

220 

111.8 

8.9 

C 

0.3078 

223 

133.0 

9.1 

c 

0.2834 

200 

122.9 

8.6 

c 

0.2338 

200 

107,5 

8.3 

c 

0.2707 

223 

119,0 

8.7 

c 

0.3715 

230 

134.1 

8.9 

c 

0.3937 

223 

133,1 

8,7 

c 

0.3715 

220 

142.1 

8.6 

c 

0.3838 

213 

138.9 

8.4 

c 

0.3740 

243 

143.3 

8.4 

c 

0.3842 

233 

132.3 

8.9 

C/T 

0.3838 

240 

150.0 

8.3 

T 

0.3883 

285 

133,7 

9.2 

T 

0.3199 

243 

131.1 

8,7 

C 

0.3443 

230 

134.9 

8.2 

s 

0.3912 

270 

130.9 

8.4 

T 

0.4033 

233 

147.9 

7.9 

T 

0.3813 

280 

148,3 

8.0 

T 

0.3888 

270 

130.6 

8.4 

T 

TiMt  B«30 

Raw  FInurt  Dalit  Tiatf  4A2t  4A3t  4B2t  4B3 


specimen 

width 

depth 

failure 

cross , 

ref. 

failure  bending 

failure 

number 

load 

defl. 

load 

stress 

stiff. 

mode 

(in.) 

(In.) 

(lbs.) 

(in.) 

(lbs.) 

(ksi) 

(msi) 

★ 

5A2-1 

0.9950 

0.0886 

565 

0.3592 

260 

165.5 

10.3 

C/S 

5A2-2 

1.0015 

0.0884 

535 

0.3346 

250 

157.0 

9.9 

c 

5A2-3 

0.9980 

0.0882 

550 

0.3592 

245 

162.1 

9.8 

c 

5A2-4 

1,0015 

0.0883 

540 

0.3789 

245 

157.8 

9.8 

T 

5A2-5 

1.0020 

0.0889 

415 

0.2411 

240 

121.8 

9.4 

C/S 

5A3-1 

0.9975 

0.0888 

555 

0.''838 

245 

160.9 

9.6 

C 

SA3-2 

1.0020 

0.0894 

535 

0.3543 

250 

152.9 

9.6 

C 

5A3-3 

1.0015 

0.0895 

565 

0.3765 

250 

160.7 

9.6 

T 

5A3-4 

1.0015 

0.0898 

595 

0.3937 

255 

167.7 

9.6 

T 

5A3-5 

1.0005 

0.0889 

435 

0.2707 

240 

127.4 

9.4 

C 

5B2-1 

1.0015 

0,0891 

535 

0.3494 

255 

154.1 

9.9 

C/S 

5B2-2 

1.0015 

0.0887 

530 

0,3199 

265 

154.7 

10.4 

C/S 

562-3 

1.0020 

0,0883 

485 

0.2854 

260 

143.5 

10.3 

C/S 

582-!. 

1 . 0020 

0,0891 

520 

0.3297 

260 

150.1 

10.1 

S 

5B2-5 

1.0000 

0,0902 

460 

0.2780 

245 

130.7 

9.2 

C/S 

5B3-1 

0.9990 

0.0920 

470 

0.2756 

265 

128.4 

9.3 

c 

5B3-2 

1.0013 

0,0917 

460 

0.2854 

265 

126.1 

9.4 

c/s 

3B3-3 

1,0010 

0  0927 

490 

0.2903 

260 

131.3 

8.9 

C/S 

5B3-4 

1.0020 

O.C919 

545 

0 . 3445 

265 

147.4 

9.4 

c/s 

5B3-5 

1.0015 

0,0923 

510 

0.3002 

270 

137.6 

9.4 

T 

*  T  <•  t«n4ion  failure 

C  •  conprasalon  failure 
S  -  shear  failure 


Table  B-31 

Raw  Flexure  Data.  Testa  5A2,  5A3,  5B2,  5B3 


sai 


TABLE  2 


Urighc  Patcerson  •  Flexure  Specimens,  Panel  4A8 ,4B8 , SA8 , SB8 


specimen 

width 

depth 

failure 

cross . 

ref. 

failure  bending 

failure 

number 

load 

defl. 

load 

stress 

stiff. 

mode 

(in.) 

(in.) 

(lbs.) 

(in.) 

(lbs.) 

(ksl) 

(msi) 

* 

4A8-1 

0.9935 

0.0913 

420 

0.3100 

213 

116.7 

7.7 

C 

4A8-2 

0.9990 

0.0897 

465 

0.3838 

203 

131.8 

7.7 

T 

4A8-3 

0.9920 

0.0903 

515 

0.4330 

220 

144.1 

8.3 

T 

4A8-4 

0.9950 

0.0908 

500 

0.3986 

223 

138.5 

8.2 

T 

4A8-5 

0.9955 

0.0918 

495 

0.3740 

223 

134.5 

7.9 

T/S 

4B8-1 

0.9905 

0.0972 

565 

0.3838 

250 

137.0 

7.5 

T 

4B8<2 

0.9935 

0.0955 

580 

0.3937 

250 

145.2 

7.9 

T/S 

4B8-3 

0.9955 

0.0958 

580 

0.3888 

263 

144.0 

8.2 

T 

4B8-4 

0.9835 

0.0963 

575 

0.4232 

255 

142.3 

8.0 

T 

4B8-S 

0.9925 

0.0943 

570 

0.4035 

250 

146.4 

8.2 

T 

5A8.1 

0.9920 

0.0900 

525 

0.3937 

225 

148.7 

8,5 

C 

5A8.2 

0.9940 

0.0915 

485 

0.3100 

250 

134,1 

9.0 

C 

5A8.3 

0.9945 

0.0895 

535 

0.4035 

233 

152.7 

9.0 

T 

5A8-4 

0.9970 

0.0910 

565 

0.4281 

240 

154.9 

8.8 

T 

5A8-5 

0,9960 

0.0905 

550 

0.3937 

235 

153.4 

8.7 

T 

SB8-1 

0.9905 

0.0945 

530 

0.3642 

243 

136.6 

8.0 

T/C 

5B8-2 

0.9945 

0.0937 

510 

0.3297 

250 

133.8 

8.4 

S 

bB8-3 

0.9945 

0.0945 

515 

0.3149 

263 

133.1 

8.6 

s 

5B8-4 

0.9935 

0.0938 

475 

0.2953 

245 

125.1 

8.2 

s 

5B8-5 

0.9950 

0.0942 

505 

0 . 3445 

250 

130.7 

8.2 

s 

*  T  -  tension  failure 
C  compression  failure 
S  •  shear  failure 

Note:  All  *1  specimens  have  an  exposed  edge 


Table  B-32 

Raw  Flexure  Data,  Teste  4A8,  4B8,  5A8, 5B8 


282 


specimen 

width 

depth 

failure 

cross. 

raf. 

failure  bending  failut 

number 

load 

defl. 

load 

screes 

stiff. 

mode 

(in. ) 

(In.) 

(lbs.) 

(in.) 

(lbs.) 

(ksi) 

(mel) 

* 

6A2-1 

0.9990 

0.0970 

565 

0.3814 

260 

136.4 

7,8 

S 

6A2-2 

1.0005 

0.0907 

590 

0.3691 

275 

163.6 

10. 1 

T 

6A2-3 

0.9890 

0.0901 

560 

0.3568 

270 

159.5 

10.2 

T 

6A2-4 

0.9915 

0.0892 

540 

0.3445 

260 

156.9 

10.  L 

C 

6A2-5 

0.9970 

0.0897 

540 

0.3838 

245 

153.4 

9.3 

T 

6A3.1 

0.9950 

0.0903 

550 

0.3937 

250 

154.2 

9.4 

T 

6A3-2 

1.0005 

0.0907 

585 

0.3986 

255 

161.5 

9.4 

T/S 

6A3-3 

1.0015 

0.0918 

590 

0.3888 

260 

159.0 

9.2 

T/S 

6A3-4 

1.0025 

0.0906 

580 

0.4035 

255 

160.1 

9,4 

T 

6A3<5 

1.0015 

0.0905 

555 

0.3691 

255 

154.4 

9.4 

S 

6b2-l 

1,0030 

0.0891 

545 

0.3912 

240 

155.9 

9,3 

T 

6B2-2 

1.0030 

0.0915 

610 

0.3519 

290 

166.0 

10.3 

C/8 

6B2-3 

1.0030 

0,0900 

620 

0.3838 

280 

174.0 

10.5 

C 

6B2-4 

1.0025 

0.0889 

570 

0.3715 

260 

164.3 

10.1 

C/S 

6B2-5 

1.0030 

0.0890 

435 

0.2559 

260 

127.1 

10.1 

8 

6B3-1 

0,9985 

0.0916 

520 

0.3100 

265 

142.7 

9.5 

S 

6B3-2 

1.0050 

0.0933 

540 

0.3248 

265 

141.7 

8.9 

S 

6B3-3 

1.0015 

0.0919 

590 

0.3789 

265 

159.0 

9.4 

T 

6B3'4 

1.0030 

0.0933 

585 

0.3642 

265 

152.9 

8.9 

8 

6B3-5 

0.8160 

0.0919 

425 

0.3248 

210 

141.6 

9.1 

C 

*  T  -  ttnsion  f«llur« 

C  *  conprtcslon  failure 
S  •*  shear  failure 


Tabl«  B*33 

Raw  Ftoxura  Data,  Tcttf  6A2»  6A3»  6B2, 6B3 


m 


TABU  6 


Wright  P*Ct«rson  *■  Flaxur*  Specimens ,  Penel  7A2, 7a3 , 7B2 , 7B3 


specimen 

width 

depth 

failure 

cross. 

ref. 

failure  bending 

failure 

;«u^er 

load 

defl. 

load 

stress 

stiff. 

mode 

-  ■  r- 

(in.) 

(in.) 

(lbs.) 

(in.) 

(lbs.) 

(ksi) 

(msi) 

* 

7A2.1 

0,9980 

0.0866 

445 

0.2682 

250 

137.8 

10.6 

C 

- ,?A2.2 

1.0040 

0.0853 

535 

0.3297 

255 

168.5 

11.2 

C 

: -'7/12.3 

1,0040 

0.0861 

550 

0.3543 

255 

169.4 

10.9 

c 

7A2-4 

1,0045 

0.0854 

565 

0.3765 

250 

176.4 

11.0 

T/C 

7A2-5 

1.0025 

0.0871 

570 

0.3494 

270 

171.9 

11.2 

C/S 

7A3.1 

0,9975 

0.0868 

550 

0.3913 

240 

166.9 

10.1 

T/C 

7A3.2 

1,0000 

0.0877 

545 

0.4158 

240 

161.0 

9.8 

T 

7A3-3 

1,0005 

0.0876 

540 

0.3814 

250 

160.5 

10.2 

T 

7A3.4 

1,0005 

0.0881 

570 

0,3592 

275 

168.0 

11.0 

S 

7A3.5 

0,6560 

0.0893 

420 

0.4281 

230 

181.9 

13,5 

T 

7B2-1 

0,9880 

0.0885 

580 

0.3666- 

265 

171.3 

10.6 

C/S 

7B2.2 

1.0030 

0.0881 

590 

0.3617 

270 

173.4 

10,8 

C/S 

7B2.3 

1.0015 

0.0885 

555 

0.3125 

275 

162.9 

10.9 

c/s 

782-4 

1.0040 

0,0879 

605 

0.3715 

280 

178.2 

11.3 

c/i> 

782-5 

0.9940 

0.0882 

580 

0.3862 

270 

171.0 

10.9 

c/s 

7B3-1 

0,9875 

0.0905 

565 

0.3789 

265 

159.2 

9.9 

T 

783-2 

0,9995 

0.0912 

605 

0.3765 

275 

165.9 

10.0 

T/C 

7B3-3 

1.0005 

0.0912 

580 

0.3617 

275 

159.2 

9.9 

T 

7B3-4 

1,0015 

0.0908 

585 

0.3469 

275 

162.2 

10.1 

T/C/S 

7B3.5 

0.8415 

0.0906 

570 

0.3986 

225 

187.6 

9.9 

T 

*  T  •  tension  fellure 
C  -  compression  failure 
S  ••  shear  failure 


Ttblt  B-34 

Rbw  Flexure  Data*  Teata  7A2, 7A3, 7B2, 7B3 


specimen 

width 

depth 

failure 

cross. 

ref. 

failure  bending 

failure 

number 

load 

defl. 

load 

stress 

stiff. 

mode 

(in.) 

(in.) 

(Iba.) 

(in.) 

(lbs.) 

(ksi) 

(msi) 

★ 

6A8-1 

0.9950 

0.0945 

520 

0.3691 

240 

133.3 

7.8 

T 

6A8-2 

0.9980 

0.0930 

490 

0.3149 

250 

130.4 

8.5 

S 

6A80 

0.9955 

0.0923 

520 

0.3395 

250 

140.4 

8.8 

S 

6A8-4 

0.9955 

0.0923 

535 

0.3543 

260 

144.1 

9.1 

T/S 

6A8-5 

0.9995 

0.0928 

550 

0.3789 

255 

145.5 

8.8 

C/S 

6B8-1 

0.9860 

0.0965 

545 

0.3888 

240 

134.6 

7.4 

T 

6B8-2 

0.9940 

0.0927 

550 

0.3937 

245 

146.3 

8.5 

T/S 

6B8-3 

0.9885 

0.0927 

560 

0.3838 

250 

150.0 

8.7 

T/S 

6B8-4 

0.9950 

0.0922 

560 

0.3740 

250 

150.9 

8.8 

S 

6B8-S 

0.9935 

0.0927 

550 

0.4084 

235 

146.0 

8.1 

T/S 

7A8-1 

0.9950 

0.0920 

545 

0.3592 

250 

147.8 

8.9 

C 

7A8-2 

0.9990 

0.0895 

525 

0.3838 

230 

149.5 

8.8 

T 

7A8-3 

0.9945 

0.0885 

555 

0.3937 

240 

162.3 

9.6 

T 

7A8-4 

0.9960 

0.0882 

560 

0.3691 

258 

165.2 

10.4 

T/S 

7A8-5 

0.9955 

0.0898 

570 

0.3691 

260 

162.1 

9.9 

C/S 

7B8-1 

0.9910 

0.0913 

615 

0.4035 

265 

169.0 

9.6 

T/S 

7B8-2 

0.9920 

0.0910 

595 

0.3986 

275 

164.6 

10.1 

T 

7B8-3 

0.9955 

0.0905 

600 

0.4134 

263 

166.9 

9.8 

T 

7B8-4 

0.9910 

0.0913 

580 

0.4330 

260 

158.8 

9.5 

T 

7B8-5 

0.9960 

0.0902 

580 

0.3888 

263 

163.0 

9.9 

S 

*  T  •  c«nslon  failure 
C  -  compraaaion  failure 
S  -  ahear  failure 

Note;  All  -1  apecimena  have  an  expoaed  edge 


Tabic  ll•35 

P  iw  Flexure  Data,  Teste  6A8, 6BS,  7A8»  TBS 


MS 


specimen 

width 

depth 

failure 

number 

load 

(In. ) 

(in.) 

(lbs.) 

8A2 

1 

0.9995 

0.0955 

570 

8A2 

2 

1.0005 

0.0957 

560 

8A2 

3 

0.9970 

0 . 0949 

545 

8A2 

4 

1.0025 

0.0958 

555 

8A2 

5 

1.0000 

0.0959 

595 

8A3 

1 

0.9935 

0.0930 

530 

8A3 

2 

1.0015 

0.0954 

550 

8A3 

3 

1.0002 

0.0961 

535 

8A3 

4 

0.9950 

0.0949 

545 

8A3 

5 

1.0002 

0.0960 

515 

882 

1 

0.9955 

0.0946 

510 

882 

2 

0.9995 

0.0963 

510 

882 

3 

0.9995 

0.0951 

570 

882 

4 

1.0020 

0.0951 

550 

882 

5 

0.9970 

0.0948 

495 

883 

1 

0.9940 

0.0979 

560 

883 

2 

0.9990 

0.0970 

550 

883 

3 

1 . 0000 

0.0962 

450 

883 

4 

1.0030 

0.0970 

560 

883 

5 

0.9990 

0.0960 

565 

♦ 

T  - 

tension 

failure 

C  «  compression  failure 
S  ••  sheer  failure 


cross. 

ref. 

failure 

bending  failure 

defl. 

load 

stress 

stiff. 

mode 

(in.) 

(lbs.) 

(ksi) 

(rasl) 

★ 

0.3937 

260 

141.8 

8.2 

T/S 

0.3789 

245 

138.9 

7.7 

T/S 

0.3642 

245 

138.3 

7.9 

C 

0.3592 

255 

137.5 

7.9 

T 

0.4035 

255 

146.5 

7.9 

T 

0.3322 

255 

141.3 

8.8 

C/S 

0.3494 

255 

137.7 

8.0 

C/S 

0.3051 

275 

133.0 

8.5 

s 

0.3784 

250 

138.3 

8.1 

T/S 

0.3297 

250 

127.9 

7,8 

s 

0.3248 

260 

131.2 

8.5 

c/s 

0.2854 

270 

126.7 

8.3 

c/s 

0.3642 

250 

143.7 

8.0 

s 

0.3592 

245 

138.4 

7.8 

T/S 

0.3149 

250 

126.8 

8.1 

c/s 

0.3100 

250 

134.8 

7.4 

C/S 

0.3297 

255 

133.9 

7.7 

s 

0.2559 

255 

112.5 

7.9 

c/s 

0.3248 

255 

135.8 

7.6 

C/s 

0.3543 

245 

139.9 

7.6 

.  o/s 

Tabic  B-36 

Raw  Flexure  Data,  Tests  8A2, 8A3, 8B^  8B3 


specimen 

width 

depth 

failure 

cross. 

ref. 

failure  bending 

failure 

number 

load 

defl. 

load 

stress 

stiff. 

mode 

(in.) 

(in.) 

(lbs.) 

(in.) 

(lbs.) 

(ksi) 

(msi) 

* 

9A2-1 

1.0020 

0.0889 

595 

0.3937 

260 

171.1 

10.1 

T 

9a2-2 

1.0010 

0.0899 

600 

0.3691 

275 

169.3 

10.4 

T 

9A2-3 

1.0000 

0.0894 

610 

0.3888 

265 

173.8 

10.2 

T 

9a2-4 

0.9990 

0.0888 

590 

0.3986 

265 

170.4 

10.4 

T 

9A2-5 

1.0005 

0.0904 

590 

0.3789 

265 

164.5 

9.8 

T 

9B2-1 

0.9820 

0.0886 

550 

0.3592 

245 

163.3 

9.8 

T 

9B2-2 

1.0000 

0.0891 

595 

0.3789 

260 

171.0 

10. 1 

T 

a 

9B2-3 

1.0005 

0.0882 

610 

0.3888 

270 

178.6 

10.8 

T 

9B2-4 

0.9990 

0.0885 

570 

0.3543 

260 

166.8 

10.3 

S 

- 

9B2-5 

1.0005 

0.0883 

555 

0.3789 

260 

162.4 

10.4 

T 

10A2-1 

1 . 0000 

0.0908 

575 

0.3961 

250 

158.6 

9.2 

T 

-  1 

10A2-2 

0.9995 

0.0909 

605 

0.3937 

265 

166.6 

9.7 

T 

.  - 

10A2-3 

1.0000 

0.0898 

580 

0.3961 

260 

163.6 

9.9 

T 

10a2*4 

1.0000 

0.0899 

585 

0.3937 

260 

164.7 

9.8 

T 

10A2-5 

0.9995 

0.0889 

585 

0.3937 

250 

168.6 

9.8 

T 

..,..••1  -'I'l 

■ ‘ '  ‘.ii’ .  • 

10B2-1 

1 . 0000 

0.0899 

570 

0.3765 

255 

160.9 

9.6 

T 

10B2-2 

1.0010 

0.0917 

595 

0.3986 

255 

160.6 

9.1 

T 

.a 

10B2-3 

1.0010 

0.0903 

610 

0.3888 

270 

170.1 

10. 1 

T 

u 

10B2-4 

1.0000 

0.0887 

585 

0.3691 

265 

169.9 

10,4 

T 

10B2-5 

0.9990 

0.0896 

590 

0.3937 

260 

167.4 

9.9 

T 

*  T  -  tension  failure 

C  -  compression  failure 
S  -  shear  failure 


Table  B>37 

Raw  Flexure  Data,  Teats  9A2,  9B2, 10A2, 10B2 


asT 


specimen 

width 

depth 

failure 

cross . 

ref. 

failure 

bending 

failure 

number 

(in.) 

(in.) 

load 

(lbs.) 

defl. 

(In.) 

load 

(lbs.) 

stress 

(ksi) 

stiff. 

(msl) 

mode 

★ 

8A8-1 

0.9960 

0.0975 

560 

0.3789 

250 

134.3 

7.4 

T/C 

8A8-2 

0.9935 

0.0978 

510 

0.3100 

260 

123.1 

7.7 

C 

8A8-3 

0.9835 

0.0977 

570 

0.3445 

270 

138.5 

8.1 

S 

8A8-4 

0.9965 

0.0968 

540 

0.3494 

253 

131.9 

7.7 

T/S 

8A8-5 

0.9940 

0.0970 

530 

0.3838 

258 

128.6 

7.8 

T/S 

8B8-1 

0.9870 

0.0968 

540 

0.3543 

245 

133.1 

7.5 

T/S 

8E8-2 

0.9930 

0.0975 

470 

0.2854 

255 

114.6 

7.6 

S 

8B8-3 

0.9955 

0.0982 

475 

0.2707 

270 

114.1 

7.9 

C 

8B8-4 

0.9955 

0.0972 

495 

0.3149 

250 

120,6 

7.5 

C 

8B8-5 

0.9945 

0.0983 

475 

0.2903 

255 

113.7 

7.4 

C 

9A8-1 

0.9950 

0,0917 

515 

0.3691 

238 

140.4 

8.5 

T 

9A8.2 

0.9835 

0,0927 

590 

0.3789 

270 

158.9 

9.5 

T/S 

9A8-3 

0.9815 

0.0917 

575 

0.4084 

263 

158.0 

9.5 

T/C/S 

9A8-4 

0.9945 

0.0920 

595 

0.4084 

265 

160,3 

9.4 

T 

9A8-5 

0.9860 

0.0913 

610 

0.3986 

270 

168.6 

9.9 

T/S 

9B8-1 

0.9990 

0.C947 

585 

0.3789 

265 

148.5 

8.6 

T/S 

9B8-2 

0.9990 

0.0948 

620 

0.3888 

280 

156.8 

9.0 

T/S 

9B8-3 

0.9880 

0.0935 

570 

0.3543 

271 

150.7 

9.2 

T/S 

9B8-4 

0.9955 

0.0935 

620 

0.3838 

285 

162.0 

9.6 

T/S 

9B8-5 

0,9875 

0.0927 

600 

0.3888 

270 

160.7 

9.4 

T 

*  T  -  tension  failure 
C  -  compression  failure 
S  -  shear  failure 

Note:  All  •!  specimens  have  in  exposed  edge 


Table 

Raw  Flexure  Data,  8A^  8B8»  9A8,  9B8 


2ea 


specimen 

width 

depth 

failure 

number 

(in.) 

(in.) 

load 

(lbs.) 

9A3-1 

0.9960 

0.0905 

570 

9A3-2 

0.9955 

0.0898 

590 

9a3-3 

0.9975 

0.0898 

605 

9A3-4 

0.9935 

0.0895 

565 

9A3.5 

0.9955 

0.0897 

610 

9B3-1 

0.9975 

0.0902 

575 

9B3-2 

0.9975 

0.0900 

575 

9B3-3 

0.9870 

0.0893 

590 

9B3-4 

0.9925 

0.0888 

590 

9B3-5 

0.9980 

0.0898 

565 

10A3-1 

0.9905 

0.0915 

570 

10A3-2 

0.9875 

0.0923 

545 

10A3-3 

0.9955 

0.0907 

555 

10A3-4 

0.9950 

0.0907 

580 

10a3*5 

0.9950 

0.0908 

560 

10B3-1 

0.9960 

0.0928 

590 

10B3-2 

0.9980 

0.0922 

595 

10B3-3 

0.9970 

0.0920 

575 

10B3-4 

0.9955 

0.0915 

585 

10B3.5 

0.9930 

0.0918 

550 

*  T  - 

tension 

failure 

C  -  compression  failure 
S  «  shear  failure 


:ross . 

ref. 

failure  bending 

failure 

defl. 

load 

stress 

stiff. 

mode 

(in.) 

(lbs.) 

(ksi) 

(msl) 

ilr 

0.3740 

265 

159.4 

9.9 

T 

0.3789 

280 

167.6 

10.7 

T 

0.3888 

263 

171.3 

10.0 

T 

0.3592 

265 

162.4 

10.2 

T 

0.3986 

280 

173.2 

10.7 

T 

0.3691 

270 

161.7 

10.1 

T 

0.3592 

275 

162.7 

10.4 

T/S 

0.3937 

270 

170.6 

10.5 

T/C/S 

0.3838 

270 

171.9 

10.7 

T 

0.3592 

273 

160.5 

10.4 

T/S 

0.3838 

265 

156.5 

9.6 

T 

0.3740 

255 

147.6 

9.0 

T 

0.3691 

260 

154.7 

9.6 

T/S 

0.3888 

270 

161.3 

10.0 

T 

0.3740 

260 

155.7 

9.6 

T 

0.3937 

270 

156.2 

9.3 

T 

0.3986 

270 

159.3 

9.5 

T 

0.3888 

265 

155.0 

9.4 

T 

0.3937 

265 

159.6 

9.5 

T 

0.3642 

257 

150.0 

9.2 

T 

Note:  9a3-5  and  9B3-5  specimens  have  an  exposed  edge 


Table  B<39 

Raw  Flexure  Data,  Tests  9A3,  9B3,  10A3, 10B3 


specimen 

width 

depth 

failure 

cross . 

ref. 

failure  bending 

failure 

number 

load 

defl. 

load 

stress 

stiff. 

mode 

(in.) 

(in.) 

(lbs.) 

(in.) 

(lbs.) 

(ksl) 

(nisi) 

* 

10A8-1 

0.9915 

0.0910 

475 

0.4380 

215 

130.7 

7.9 

T 

10A8-2 

0.9940 

0.0920 

575 

0.4084 

250 

155.0 

8.9 

T/S 

10A8-3 

0.9860 

0.0920 

580 

0.4134 

250 

157.5 

8.9 

T/S 

10A8-4 

0.9945 

0.0933 

580 

0.3888 

26C 

152.2 

8.8 

T/S 

10A8-5 

0.9965 

0.0933 

585 

0.3888 

263 

153.3 

8.9 

T 

10B8-1 

0.9940 

0.0917 

550 

0.3691 

255 

150.1 

9.1 

T/S 

10B8-2 

0.9930 

0.0923 

600 

0.3691 

275 

161.7 

9.7 

T/S 

10B8-3 

0.9945 

0.0920 

585 

0.3937 

263 

157.9 

9.3 

T/S 

10B8-4 

0.9960 

0.0923 

575 

0.3937 

260 

154.0 

9.1 

T/T 

10B8-5 

1.0005 

0.0940 

550 

0.3543 

263 

142.0 

8.7 

T/S 

*  T  -  tension  failure 
C  -  compression  failure 
S  -  shear  failure 

Note:  All  *1  specimens  have  an  exposed  edge 


Table  B-40 

Raw  Flexure  Data,  Tests  10A8, 10B8 


270 


specimen 

failure  stress  (ksi) 

bending  stiff 

.  (msi) 

number 

* 

d-actual 

d-normal . 

d-actual  d- 

normal . 

0.08 

O.Oo 

2A2 

C 

151.8 

185.8 

9.2 

12.4 

2A3 

C 

155.9 

196.2 

9.2 

12.9 

2B2 

c 

152.9 

186.9 

10.0 

13.4 

2B3 

c 

153.9 

199.4 

9.2 

13.5 

*  T  -  surface  of  interest  In  tension 
C  ••  surface  of  Interest  in  compression 


Table  B-41 

Normalized  Flexure  Data*  Tests  2A2,  2A3, 2B2,  2B3 
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specimen 

number 

* 

failure  stress  (ksi) 
d-actual  d*norraal. 

0.08 

bending  stiff,  (msl) 
d-ac  tual  d-no  rma 1 . 

0.08 

3A2 

C 

149.9 

198.4 

8.9 

13.5 

3A3 

C 

151.7 

202.6 

8.9 

13.6 

3B?. 

c 

148.5 

202.0 

8.9 

13.9 

3B3 

c 

153.0 

212.8 

8.7 

14.1 

*  T  -  surface  of  interest  In  tension 
C  surface  of  interest  in  compression 


Table  B-42 

Normalized  Flexure  Data,  Teats  3A2,  3A3>  3B2,  3B3 


Z72 


specimen 


failure  stress  (ksl)  bending  stiff,  (msl) 


ntunber  * 

2A8  C 

2B8  C 

3A8  C 

3B8  C 


d*ac  tual 

d-normal . 
0.08 

147.9 

194.0 

146.8 

200.2 

148.3 

198.8 

i:4.i 

194.5 

d-actual 

d-normal . 
0.08 

9.3 

13.8 

8.7 

13.7 

9.0 

13.8 

8.1 

13.9 

*  T  •  surface  of  Interest  In  tension 
C  -  surface  of  Interest  In  compression 

Note:  No  *1  specimens  were  Included 


Tabic  B*43 

Normalized  Flexure  Data,  Tests  3A2,  3A3, 3B2,  3B3 
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specimen 


number  * 

4a2  C 

4a3  C 

4B2  C 

4B3  C 


failure  scress  <ksi) 

d-actual  d-normal, 

0.08 

122.2  147.3 

141.8  176.3 

146.9  196.9 

146.1  210.7 


bending  stiff 

.  (msi) 

d-actual  d«i 

normal . 
0.08 

8.6 

11.3 

8.7 

12.0 

8.7 

13.4 

8.2 

14.0 

*  T  *  surface  of  interest  in  tension 
C  •  surface  of  interest  in  compression 


Table  B-44 

Normalized  Flexure  Data,  Tests  4A2,  4A3,  4B2,  4B3 
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specimen  failure  stress  (ksl)  bending  stiff,  (msl) 


imber 

* 

d-actual 

d-nomal. 

0.08 

d-actual 

d-normal . 
0.08 

5A2 

C 

152.9 

187.7 

9.8 

13.3 

5a3 

C 

153.9 

192.8 

9.6 

13.3 

5B2 

c 

146 . 6 

182.5 

10.0 

13.8 

5B3 

c 

134.2 

178.9 

9.3 

14.2 

*  T  *•  surface  of  interest  In  tension 
C  •  surface  of  interest  in  compression 


Table  B-45 

Normalized  Flexure  Data»  Tests  5A2,  5A3, 5B2,  5B3 
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specimen 

failure  stress  (ksi) 

bending  stiff 

.  (msi) 

number 

* 

d«actual 

d>normal. 

0.08 

d-actual  d-: 

normal . 
0.08 

4A8 

C 

137.2 

177.4 

8.0 

11.7 

4B8 

C 

144.5 

207.7 

8.1 

13.8 

5A8 

c 

148.7 

192.0 

8.9 

12.9 

5B8 

c 

130.7 

181.9 

8.4 

13.6 

*  T  -  surface  of  interest  In  tension 
C  »  surface  of  interest  in  compression 

Note:  No  *I  specimens  were  included 


Table  B-46 

Normalized  Flexure  Data,  Tests  4A8,  4B8,  5A8,  5B8 


I 

I 


27» 


specimen 

number 

* 

failure  stress  (ksi) 
d^actual  d-normal. 

0.08 

bending  stiff,  (msi) 
d*ac  tua 1  d-no r ma 1 . 

0.08 

6a2 

C 

154.0 

201.5 

9.5 

14.1 

6a3 

C 

157.9 

204.6 

9.4 

13.7 

6B2 

c 

157.5 

199.2 

10.1 

14.2 

6B3 

c 

147.6 

198.1 

9.2 

14.1 

*  T  •  surface  of  interest  tn  tension 
C  -  surface  uf  interest  in  compression 


Table  B-47 

Normalized  Flexure  Data,  Tests  6A2,  6A3, 6B2,  6B3 
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specimen 


number  * 

7a2  C 

7a3  C 

7B2  C 

7B3  C 


failure  : 

stress  <ksi) 

d-actual 

d-nomal . 
0.08 

164.8 

191.4 

167.7 

203.5 

171.4 

209.4 

166.8 

216.5 

bending  stiff 

.  (msi) 

d-actual  d-i 

normal . 
0.08 

11.0 

13.7 

10.9 

14.5 

10.9 

14.6 

10.0 

14.6 

*  T  -  surface  of  interest  In  tension 
C  »  surface  of  Interest  In  compression 


Table  B-48 

Normalized  Flexure  Data,  Tests  7A2,  7A3,  7B2,  7B3 
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specimen 

failure  stress  (ksi) 

bending  stiff 

.  (rasi) 

number 

★ 

d-actual 

d-normal . 
0.08 

d*actual  d-: 

normal . 
0.08 

6A8 

C 

140.1 

188.9 

8.8 

13.6 

668 

C 

148.3 

200.1 

8.5 

13.2 

7A8 

c 

159.8 

198.7 

9.7 

13.3 

768 

c 

163.3 

211.6 

9.8 

14.3 

*  T  *■  surface  of  Inceresc  in  tension 
C  -  surface  of  interest  in  compression 

Note;  No  -1  specimens  were  included 


Table  B-49 

Normalized  Flexure  Data,  Tests  6A8,  6B“,  VA8,  7B8 
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specimen  failure  scresa  (ksi)  bending  stiff,  (nsl) 


number 

★ 

d-accual 

8A2 

C 

140.6 

8A3 

C 

135.7 

8B2 

c 

133.4 

8B3 

c 

131.4 

d-nomal . 
0.08 

d-actual 

d«nomal . 
0.08 

202.4 

7.9 

13.5 

193.0 

8.2 

13.8 

190.2 

8.1 

13.7 

194.1 

7.6 

13.5 

'*  T  <■  surface  of  Interest  in  tension 
C  -  surface  of  interest  in  compression 


Table  B>50 

Normalized  Flexure  Data,  Tests  8A2,  8A3, 8B2,  8B3 


specimen 

number 

* 

failure  stress  (ksi) 
d-actual  d-normal. 

0.08 

bending  stiff,  (msi) 
d^actual  d-'nomal. 

0.08 

9A2 

C 

169.8 

213.6 

10.2 

14.2 

9B2 

C 

168.4 

207.3 

10.3 

13.9 

10A2 

c 

164.4 

209.6 

9.7 

13.8 

10B2 

c 

16S.8 

211.2 

9.8 

14.0 

*  T  -  surface  of  Incarasc  In  tension 
C  -  surface  of  interest  in  compression 


Table  B-51 

Normalized  Flexure  Data*  Tests  9A2,  9B2»  10A2,  10B2 


2S1 


specimen 

number 

* 

failure  stress  (ksi) 
d-actual  d-nomal. 

0.08 

banding  stiff,  (msi) 
d-actual  d-norroal . 

0.08 

8A8 

C 

130.5 

195.0 

7.8 

14.1 

8B8 

C 

115.8 

174.4 

7.6 

13.9 

9A8 

c 

161.5 

214.7 

9.6 

14.5 

9B8 

c 

157.6 

217.5 

9.3 

14.9 

*  T  -  surface  of  Interesc  in  tension 
C  -  surface  of  Interest  in  compression 

Note:  No  *1  specimens  were  Included 


Table  B-52 

Normalized  Flexure  Data,  Tests  8A8,  8B8, 9A8,  9B8 
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TABLE  13 


Wrlghc  Patterson 

Flexure  Specimens  ,  Panel  9A3 , 9B3 , 10A3 , 10B3 

specimen  failure  stress  (ksl)  bending  stiff,  (msl) 


number 

* 

d-actual 

9a3 

C 

165.2 

9B3 

C 

166.7 

10A3 

c 

155.1 

10B3 

c 

156.0 

d-normal. 

0.08 

d-actual 

d-normal . 
0.08 

209.7 

10.2 

14.4 

210.1 

10.4 

14.6 

202.9 

9.6 

14.1 

208.1 

9.4 

14.3 

*  T  -  surface  of  Interest  In  tension 
C  >  surface  of  Interest  In  compression 

Note:  No  -5  specimens  were  Included  for  9A3  and  9B3 


TaMe  B-53 

Normalized  Flexure  Data,  Tests  9A3,  9B3, 10A3, 10B3 


2t3 


specimen 

number 


10a8 

1088 


C 

C 


failure  stress  (ksl) 
d-actual  d-normal. 

0.08 

154.5  208.8 

153.9  207.8 


bending  stiff,  (msl) 
d-actual  d-normal. 

0.08 

8.9  13.8 

9.2  14.3 


*  T  -  surface  of  Interest  in  tension 
C  «  surface  of  interest  in  compression 

Note;  No  -1  specimens  were  Included 


Table  B-54 

Normalized  Flexure  Datat  Tests  lOAS,  10B8 
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DSlO-7133 


Product 

Information  LORD  Coatings 


CHEMGIAZE  M1433 

GRAY,  ELASTOMERIC  POLYURETHANE  RAIN  EROSION  COATING 


H1433  Is  an  aromatic,  elastomeric  polyurethane  which  functions  as  a  rain 
erosion  coating  for  rad(»nes,  leading  edges  and  antennae. 

M1433  Is  tough,  flexible  over  a  wide  temperature  reuige,  and  has  excellent 
resistance  to  weeu:,  abrasion  and  Impact. 

M1433  Is  a  two-package  coating.  It  Is  cured  by  the  addition  of  a  reactive 
curing  agent,  M201,  in  a  ratio  of  three  parts  of  A  to  one  part  of  B  by  volume. 


It  Is  supplied  In  premeasured  kits. 

TYPICAL  PHYSICAL  PROPERTIES 

Part  A 

Part  B 

Mixed 

Color 

Gray 

Clear  Light  to 

Dark  Amber 

Gray 

Mixing  ratio: 

by  volume 

3 

1 

Solids  content: 

by  weight 

71 

9 

58 

by  volume 

65 

7.5 

50 

Weight/unit 

Ib/gal 

8.65 

7 

8.2 

kg/1 

1.04 

0.84 

0.98 

Viscosity: 

centlpoises 

800- 1200* 

water  thin 

200-600“ 

N .  s/m* 

0.8-1. 2 

water  thin 

0.2-0. 6 

Flash  Point 

Seta  Flash 

66«F 

18.9«C 

110®F 

43.3®C 

*  M  * 

Pot  Life  at  77 «F 
(25®C) 

Drying  time  @ 
77®F  (25«»C)  and 
50%  relative 

2  hours 

humidity 

Volatile  Organic 

Compounds 

2-3  hours 

pounds/gallon 

--- 

3.5 

grams/liter 

— 

420 
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THEORETICAL  COVERAGE 


Wet  Film 

Dry  Film 

Coverage 

mils 

um 

mils 

um 

ft*/qallon 

ro^/1 

m* /gal Ion 

2.0 

50.8 

1 

25.4 

800 

19.7 

74.3 

10.0 

254 

5 

127.0 

160 

3.9 

14.9 

24.0 

610 

12 

305.0 

66.7 

1.6 

6.2 

ft*/quart 

1 

25.4 

200 

— 

18.6 

5 

127.0 

40 

— 

3.7 

12 

305.0 

16.7 

« — 

1.6 

STORAGE  AND  SHELF  LIFE 

The  contalnere  should  be  stored  in  a  dry  area  protected  from  al\  forms  of 
precipitation.  An  ideal  storage  temperature  would  be  60^F.  However,  if  the 
storage  temperature  drops  below  SO^F,  a  portion  of  the  Part  A  will 
crystallize.  Should  this  happen,  the  containers  should  be  stored  at  60°F,  for 
two  days  before  using.  The  mixed  coating  shall  be  kept  at  60^F  minimum  until 
applied.  Do  not  mix  or  use  coating  which  is  frozen. 

The  shelf  life  of  the  Part  A  and  Part  B  in  unopened  containers  is  6  months. 
MIXING  PROCEDURES 

N1433/M201  comes  in  a  premeasured  kit.  Mix  the  Part  A,  the  pigmented  part, 
well.  Then  add,  while  stirring,  the  Part  B,  M201.  Once  thoroughly  mixed  the 
coating  is  ready  for  spraying 

NOTE;  The  M201  Part  B  is  very  sensitive  to  atmospheric  moisture.  If  over 
exposed  to  moisture,  a  short  pot  life  will  result.  Open  the  Part  B  when  ready 
to  use. 

PROCEDURE  FOR  COATING  FRP  RADOME 

The  coating  of  a  radome  consists  of  the  following  steps: 

1.  Surface  preparation 

2.  Application  of  primer 

3.  Application  of  elastomeric  rain  erosion  coating 

4.  Application  of  top  coat 

1.  Surface  Preparation 

The  radome  surface  should  be  solvent  wiped  with  9951  or  9954  xylene  or 
methyl  ethyl  ketone  (HEX)  to  remove  all  oil,  grease  and  dirt. 

Next  the  surface  should  be  lightly  sanded  to  provide  an  anchor  pattern. 
Use  emory  cloth  or  medium  to  very  fine  sandpaper  (320-500  grit).  Then 
solvent  wipe  the  surface  to  remove  grit  and  dust. 
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2.  Application  of  Primer 

Even  though  the  radotne  is  plastic,  the  CHEMGLAZE  wash  primer  9924  (a  metal 
primer)  is  applied.  The  9924  primer  is  easily  dissolved  by  thinners, 

9951,  or  methyl  ethyl  ketone  (MEK).  Because  of  solvent  sensitivity  the 
9924  primer  functions  as  a  weak  link  when  the  radome  needs  to  be 
repaired.  Use  a  sharp  blade  and  make  cuts  in  the  coating  then  cover  with 
solvent  soeiked  rags.  Bulletin  for  9924  tells  how  to  mix  it.  Apply 
0.3-0.S  dry  mils. 

The  primer  is  best  applied  by  spray  application.  Allow  the  9924  to  dry. 

A  completely  dry  9924  surface  will  have  a  dull  matte  appearance. 

3.  Application  of  M1433  Elastomeric  (Rain  Erosion)  Polyurethane  Coating 

The  elastomeric  polyurethane  coating  is  a  two  package  (2-part)  product. 
Both  the  M1433.  A  Part,  and  the  M201,  B  Part  are  sensitive  to  atmospheric 
moisture.  The  A  &  B  parts  should  be  protected  from  moisture  until  they 
are  mixed  and  ready  to  use. 

A.  The  mix  ratio  is  3:1  A:B  by  volume.  It  is  very  important  that  the  mix 
ratios  are  accurate  and  the  A  and  B  is  thoroughly  mixed.  Thinning  is 
not  necessary. 

B.  Spray  apply  L2-14  mils  dry  in  several  multiple  passes.  The  nose 
portion  of  the  radome  should  receive  the  12-14  mils  dry.  Feather  the 
elastomeric  coating  tw.-ard  the  trailing  edge. 

C.  Allow  the  M1433/M201  to  cure  3-4  hours  before  top  coating. 

D.  In  many  instances,  a  pressure  pot  spray  gun  was  found  to  work  better 
than  a  syphon  spray  gun  for  the  elastomeric  coating  application. 

4.  Application  of  Top  Coat 

The  elastomeric  polyurethane  rain  erosion  coating  is  not  a  cosmetic 
coating  because  it  will  change  color  and  chalk.  It  should  be  top  coated 
with  an  aliphatic  polyurethane. 

The  aliphatic  CHEMGLAZE  A-line  moisture  curing  polyurethane  top  coat 
should  be  thinned  15%  by  volume  with  the  CHEMGLAZE  thinner  9954.  Spray  a 
light  tack  coat  followed  with  a  thin  hide  coat,  about  1  mil  dry. 

USABLE  POT  LIFE 

The  mixed  M1433/M201  has  a  usable  pot  life  of  2  hours.  However,  very  high 
levels  of  humidity  and  high  ten^ratures  may  shorten  the  pot  life. 

RECOAT  TIME 


Allow  the  applied  M1433/M201  to  cure  at  shop  temperatures  for  3-4  hours  before 
applying  the  cosmetic  aliphatic  top  coat. 
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Page  4 


CLEAN  UP 


Spray  equipment  must  be  cleaned  irtonediately  after  spraying  since  the  coating 
will  cure  inside  guns,  filter  screens,  and  hoses.  Once  the  elastomeric  coating 
cures,  it  is  almost  impossible  to  remove.  CHEMGLAZE  Thinner  99S4,  or  xylene, 
MEK,  MIBK,  or  blends  of  xylene/MEK  may  be  used  for  cleaning  equipment. 

CAUTIONARY  INFORMATION 

Personnel  who  handle,  mix,  and  spray  CHEMGLAZE  elastomeric  coatings  must 
protect  themselves  from  vapors,  liquid  coatings  and  spray  mist.  The  use  of 
protective  creams,  safety  glasses,  solvent  resistant  gloves,  protective 
clothing,  and  NIOSH  approved  respirators  are  required.  Direct,  mist  or  vapor 
contact  with  the  solvents,  urethane  prepolymers  and  curing  agents  may  cause 
skin  or  respiratory  irritation  in  some  individuals. 

Spray  applicator  personnel  should  wear  a  fresh  air  supplied  hood  while  spraying 
coating  in  a  confined  area.  Helpers,  supervisors  and  visitors  to  the  spray 
site  should  use  approved  respiratory  protection. 

Keep  away  from  heat,  sparks,  and  open  flame.  Avoid  prolonged  contact  with 
skin.  Wash  thoroughly  after  using  or  before  smoking  or  eating. 

Harmful  or  fatal  if  swallowed.  If  swallowed,  DO  NOT  induce  vomiting.  CALL  A 
PHYSICIAN  IMMEDIATELY!! 

JRW/sr 
2/12/88 
8089  i 


VWuM  tui«d  In  ihi*  bulattn  rcgrMcnt  typIcW  vahiM  u  noc  •!  IMtt  aro  run 
on  Mcft  loi  ol  mautiw  producad.  For  (ormaluad  produa  ipocMcailon  for 
•paoAc  product  and  leaa.  oontao  ffta  Cuttomar  Sarvloa  Oapartmanl. 

Caution,  tha  cnamwai.  pnyticai  and  toiiootogicai  propartMi  o<  the  product 
itava  not  boon  tuiy  MvaiRigatad.artditi  handling  or  uaa  may  bahazardoua 
Ht/ntiui  It  twaitoorad.  Avoid  protongad  braaoting  of  vapor*,  contact  with  akin. 
*y*a  or  doming. 

intorn,atjanprovidadh*raineba**duponla*tab*«avodlOboraliabi*  in- 
aamuch  a*  Lord  Corporation  haa  no  oontrol  ovar  lha  aiacl  mannar  in  wrvoi 
nrhAre  inlnrTnAlnn  <t  ilnM  nn(  ouMfAntMl  tttA  rMUitt  10  b# 


For  additional  information,  contact  Lord  Corporation 
at  ei4;868*3611,  Telex;  91-4445  or  write:  Lord 
Corporation,  Industrial  Coatings  Olvitlon, 

2000  West  Qrandvlew  Blvd.,  P.  O.  Box  10038, 
Erls,  Pa.  16514^)038. 
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AEROSPACE 


4086-176 


COATING  NAME:  CLEAR  SPRAY  SEALANT 

SPECIFICATION  NONE  COLOR 

MIXING: 

CODE  NUMBERS:  BASE  4086-176  ACTIVATOR  NONE  THINNER 

MIXING  INSTRUCTIONS: 

MIXING  RATIO 

EQUIPMENT  CLEAN  UP  Use  MEK  POT  LIFE  Indefinite 

APPLICATION: 

METHOD  Air  Spray  EQUIPMENT  Conventional  Gun 

APPUCATION  TEMP  Ambient  HUMIDITY  >50%  RH 

THICKNESS  PER  COAT  2-3  mil  DRY  TIME  BETWEEN  COATS  3040  mil 

HLM  THICKNESS:  MAX  3  mil  MIN  .SmU 

TOUCH  UP  OR  RECOAT  PROCEDURE  Respray 

SUBSTRATE: 

TYPE  Aluminum  or  Composite  CHEM  TREATMENT  Not  Necessary 

PRIMER  513X639  OTHER  NA 

CURING  SCHEDULE: 

NORMAL  S^^flEDULE  7  days  at  RT  &  50%  RH  ALTERNATE  CURE 

DRY  TO  \APE  2  hr  DRY  TO  TOPCOAT  1  hr  FULL  CURE  14  days  at  RT 

STORAGE: 

STORAGE  LIFE  6  months  STORAGE  CONDITIONS  RT  or  Below 

FLASH  POINT  -SETAFLASH-  22F  HAZARD-TOXICITY  INFO  see  MSDS 

PHYSICAL  CONSTANTS: 

WT/GAL  WT/SOLIDS  VOL/SOLIDS  PIGMENT 

BASE:  7.7  +/-.2  lbs.  43.9  +/-2  %  35.8  %  % 

ACTIVATOR: 

THINNER: 

ADMIXED: 

VISCOSITY:  BASE  ADMIXED 

DRY  HLM  WEIGHT  .00591  #/8qft  @  1  mil  THEORETICAL  COVERAGE  573  sqft/gal  @  Imil 
COMPLIANCE  REGULATIONS  VOC  518  g/I  calc. 

SPECIAL  HLM  PROPERTIES: 

SERVICE  TEMPERATURE;  MIN  -65F  MAX  250-350 

FILM  HARDNESS  NA  FLEXIBILITY 

IMPACT  RESISTANCE  NSILE  COLOR  STANDARD  NA 

GLOSS:  60  DEGREES  NA  85  DEGREES  NA  20  DEGREES  NA 

OTHER  Spraying  of  more  than  3mil  at  a  time  is  not  desirable 

RESISTANCE  PROPERTIES: 

WATER  NA  SKYDROL  NA  SALT  SPRAY  NA 

FILIFORM  NA  WEATHERING  NA  STRIPPER  NA 
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SPECIFICATIONS 


Koroflex  meets  the  U.S.  Navy  primer  specification  M11*P-8S853.  This  primer 
meets  or  exceeds  the  performance  requirements  for  Mn-P-87112,  Mn-P-23377, 
FMS  3035  (General  Dynamics)  and  GP  111  CT  1.  GP  111  CT  2,  GP  111  CT  3. 

SP  111  CT  4  (Grumman). 

PRIMER  COMPARISON 


The  performance  of  Koroflex  primer  Is  compared  below  to  a  coating  which  Is 
qualified  to  M11-P-23377. 


KOROFLEX  MlL-P-23377 


CORROSION 


2000  Hours  Salt  Spray 

Pass 

Pass 

30  Days  Filiform 

Pass 

Pass 

3000  Hours  Humidity 

Pass 

Pass 

IMPACT  FLEXIBILITY 

Reverse  (8l  .ds.) 

Pass 

Fall 

G.E. 

60S 

20S 

FLEXIBILITY  0  -6S*F.  (-54*C.) 

(MANDREL  BEND) 

Primer  only  (1/8"  bend) 

Pass 

Fall 

Primer  and  Topcoat 

Pass 

Fall 

(3/8"  bend) 

ELONGATION 

Initial 

81S 

lOt 

24  Hrs  0  250* F. 

81S 

6S 

(i2rc.) 

TENSILE  STRENGTH 

Initial 

2810  psi 

2600 

24  Hrs  0  250* F. 

3160  psi 

4800 

(12rc.) 

FLUID  RESISTANCE  (PRIMER) 

Initial  Pencil 

HB 

F 

1  Week  Skydrol 

<4B 

<4B 

1  Week  Type  III  Fuel 

2B 

B 

1  Week  M11-L-5606 

B 

B 

1  Week  Water 

HB 

2B 

FLUID  RESISTANCE  (PRIMER  AND  TOPCOAT) 

Initial  Pencil 

HB 

F 

1  Week  Skydrol 

2B 

HB 

1  Week  Type  III  Fuel 

2B 

2B 

1  Week  M11-L-5606 

B 

HB 

1  Week  Water 

B 

HB 

Wet  Tape  Test 

Past 

Pass 

m 


SURFACE  PREPARATION 


Good  surface  preparation  Is  essential  to  ensure  that  the  full  protective 
properties  of  a  coating  be  realized.  The  following  Is  an  outline  of 
reconmended  surface  preparation  procedures  for  Koroflex  primer  over  alunrlnuRi, 
aged  epoxy,  aged  Koroflex  primer,  and  composite  substrates. 

I.  Alumlnuni  Substrates 

For  application  of  Koroflex  to  aluminum  substrates,  the 
aluminum  should  be  chemically  cleaned  and  treated  with  a 
chromate  conversion  coating  such  as  Alodine  1200  (M11-C* 

5541)  or  Alodine  1000.  Recommended  cleaning  procedures 
follow: 

A.  Clean:  Use  of  of  the  following  methods 

1.  Net  abrade 

a.  Solvent  clean  with  OeSoclean  or  Oxsolv 
Wipe  dry  with  clean  wipers 

b.  Wet  abrade  with  fine  Scotchbrite  and 
water  (not  solvent) 

2.  Etch  clean 

a.  Wash  surface  with  alkaline  cleaner 

b.  Rinse 

c.  Deoxidize  and  etch  surface  using 
alcohollc'phosphoric  acid  solution 

3.  Steam  -  etch  clean 

a.  Steam  clean  with  alkaline  cleaner 

b.  Rinse 

c.  Deoxidize  and  etch  surface  using 
alcohol Ic-phosphorlc  acid  solution 

B.  Surface  Treat 

1.  Rinse  using  clean  cotton  wipers  to  agitate  the 
surface 

2.  Final  rinse  with  deionized  water 

3.  Observe  surface  for  waterbreaks.  If  any  are 
found,  repeat  steps  A.  and  B. 

4.  Apply  conversion  coating  such  as  Alodine  1200  or 
Alodine  1000 

5.  Rinse 

6.  Deionized  water  rinse 

7.  Observe  surface  for  waterbreaks.  If  any  are 
found,  repeat  steps  A.  and  B. 

8.  Keep  conversion  coating  clean  prior  to 
application  of  Koroflex 


2M 


C.  Tine  limit  for  Koroflex  application. 

Apply  Koroflex  within  eight  hours  after  the  surface 
treatment.  Between  8  and  24  hours  clean  the  conversion 
coating  with  OeSoclean  or  Oxsolv  before  applying 
Koroflex.  After  24  hours  repeat  steps  A.  and  B.  before 
applying  Koroflex. 


II.  Aged  Epoxy  Primer 

Aged  epoxy  primer  Is  considered  to  be  primer  which  Is 
more  than  3  days  old  after  application.  A  typical 
procedure  for  applying  Koroflex  to  this  type  of  surface 
requires  the  following  steps: 

1.  Lightly  sand  epoxy  primer  with  240  grit 
sandpaper  or  fine  Scotchbrite 
2)  Solvent  wipe  with  OeSoclean  or  Oxsolv  to  remove 
contaminants 

III.  Aged  Koroflex  Primer 

Koroflex  can  be  reapplied  to  Itself  up  to  one  year 
after  the  first  application  without  removal  or 
sanding.  However,  It  Is  Important  that  the 
surface  be  cleaned  and  free  of  contaminants.  Use 
Oxsolv  to  clean  and  reactivate  the  surface 

IV.  Composite  Substrates 

Solvent  wipe  substrate  to  be  primed  using  OeSoclean 
or  Oxsolv 


2M 


APPLICATION  INSTRUCTIONS 
Mixing 


Shake  Koroftex  on  a  paint  shaker  for  8-10  minutes.  Make  sure  that  no  settled 
material  remains  on  the  bottom  of  the  can. 

FILM  THICKNESS 


Apply  one  coat  of  primer  at  a  dry  film  thickness  of  1.5  0.3  mils  (38  ^  7 

microns).  If  a  second  coat  Is  required,  allow  one  hour  Fetween  coats.  ~ 

POT  LIFE 

Koroflex  Primer  while  In  the  container  should  always  be  covered  and  protected 
from  moisture  or  alcohol  contamination.  If  protected  from  moisture,  Koroflex 
will  have  Indefinite  pot  life. 

EQUIPMENT 


Standard  spray  equipment  can  be  used  to  apply  Koroflex  primer.  Good  results 
are  obtained  with  a  OeVIl bliss  MBC  spray  gun.  air  cap  #765.  E  or  FF  fluid  tip, 
and  needle.  Equivalent  spray  equipment  1$  available  from  other  manufacturers. 

REDUCTION 

Reduction  of  Koroflex  primer  Is  not  required  for  spray  application.  Urethane 
grade  methyl  ethyl  ketone  may  be  used  to  reduce  Koroflex  when  lower  viscosities 
are  needed  for  spraying.  Compliance  Koroflex  may  be  reduced  with  1,1,1 
tri chi  or oe thane. 

CLEAN  UP 

Clean  up  should  be  done  promptly  to  avoid  cured  paint  remaining  In  or  on  equip¬ 
ment.  Methyl  ethyl  ketone  or  a  strong  solvent  complying  with  local  Air  Quality 
regulations  Is  recommended  for  this  use. 

TOPCOAT  APPLICATION 

Koroflex  should  be  dried  as  recommended  In  the  "Time  To  Topcoat"  section  before 
topcoating.  The  length  of  time  for  drying  before  topcoating  depends  on  tempera¬ 
ture  and  relative  humidity  conditions  during  application  and  cure.  (See 
attached  Information  on  dry  time). 

After  the  proper  dry  time,  apply  OeSoto  DeSothane  or  M11-C-83286  topcoat  In  two 
wet  coats  to  a  dry  film  thickness  of  2.0  *  0.3  mils  (51  *  7  microns).  Allow 
thirty  minutes  dry  time  between  coats.  “  “ 
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r*rc*nc  R*t»tlv«  HumKltty  P«rc«nt  R«l»ilv«  Humidity 


KOROFLEX  PRIMER 

Tim*  To  Topooat  GuJd* 


T«mp*r&tur*  (F*hr*nh*lt) 


DRY  TIME 


The  curing  mechanism  of  Koroflex  primer  requires  the  presence  of  moisture. 

There  are  two  ways  to  express  the  moisture  content  In  the  air.  The  first  Is 
relative  humidity  which  Is  ratio  of  the  moisture  In  the  air  to  what  the  air 
could  hold  at  a  given  temperature.  At  SOS  R.H.,  the  air  Is  holding  half  of  the 
amount  of  moisture  It  could  hold  at  that  temperature.  Relative  humidity  does 
not  directly  Indicate  the  amount  of  moisture  present  In  the  air. 

The  second  method  expresses  the  amount  of  moisture  In  the  air  In  grains  per 
cubic  foot.  The  speed  of  Koroflex  cure  can  be  related  to  the  grains  of 
moisture  present  In  the  air.  Refer  to  the  chart  on  the  next  page  for  this 
relationship. 

TIME  TO  TOPCOAT 

Since  most  paint  facilities  have  no  means  of  measuring  grains  of  moisture,  a 
conversion  chart  Is  attached  to  convert  grains  of  moisture  Into  temperature  and 
%  relative  humidity.  There  are  four  lines  on  the  chart  which  represent  3.33, 
5.0,  7.5  and  11.25  grains  of  moisture.  These  lines  define  four  areas  of  dry 
time  before  topcoating  of  16  hours,  4  hours,  2  hours,  and  1  hour  respectively. 

To  use  the  attached  chart  measure  the  temperature  and  the  relative  humidity  and 
locate  this  point  on  the  graph.  The  location  of  this  point  will  determine  the 
length  of  time  to  topcoat.  For  example.  If  conditions  were  76*F.  (24*C.)  and 
60t  RH,  4  hours  should  be  allowed  after  final  primer  application  before 
applying  topcoat. 

FORCE  CURING  OF  KOROFLEX 


The  cure  rate  of  Koroflex  primer  can  be  Increased  by  raising  humidity  and 
temperature  simultaneously.  The  moisture  content  of  the  air  Is  the  main 
determinant  of  Koroflex  cure  rate,  raising  the  temperture  will  help  speed  up 
the  cure  mainly  by  allowing  more  moisture  to  be  added  to  the  air,  Koroflex  can 
be  accelerated  when  low  humidity  exists  with  the  addition  of  910X7S1.  The 
potllfe  and  dryto-topcoat  time  will  be  shortened  to  two  hours,  respectively. 


DRY  TO  STACK 

While  heating  alone  In  the  absence  of  moisture  will  not  accelerate  the  cure  of 
Koroflex,  heating  will  drive  off  the  solvent  and  result  In  a  tack  free  or  dry 
to  stack  condition.  Dry  to  stack  can  be  achieved  by  heating  at  250*  F. 

(121*  C.)  for  10  minutes  or  200*  F.  (93*  C.)  for  30  minutes.  Koroflex  will  not 
have  attained  resistance  properties  to  solvent  efter  these  conditions.  Total 
properties  will  only  be  achieved  when  painted  perts  have  had  adequate  time, 
moisture,  and  temperature  exposure  as  discussed  above. 
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WET  TAPE  TESTING 


Koroflex  primer  and  topcoat  should  be  allowed  to  cure  for  seven  days  before  run 
Ring  a  wet  tape  test  on  the  aircraft  or  painted  parts. 

REPAIR  PROCEDURE 

1)  Solvent  wipe  with  OeSoclean  or  Oxsolv 

2)  Sand  area  to  be  repaired  with  240  grit  sandpaper  or  wet  Scotchbrite 

3)  Solvent  wipe  with  clean  OeSoclean  or  Oxsolv 

4)  Deoxidize  all  bare  areas  and  rinse  with  clean  water. 

5)  Alodine  bare  areas  and  rinse  with  clean  water. 

6)  Fine  rinse  with  deionized  water 

7)  Check  for  water  break  free  surface. 

8)  The  bare  areas  must  be  water  break  free;  If  not  repeat 
steps  2*5. 

9)  Dry  all  areas. 

10)  Mask  the  repair  areas. 

11)  Spray  or  brush  apply  one  coat  of  Koroflex  primer  at 

1.5  *  0.3  mils  (38  *  7  microns)  and  air  dry  according  to  the 
Korcfflex  time  to  topcoat  guide 

12)  Topcoat  with  M11-C-83286  Super  OeSothane  and  allow  over* 
night  air  dry  before  removing  the  mask. 


AVAILABILITY 

OeSoto  supplies  Koroflex  In  gallons  and  quarts  under  the  following  code  numbers: 


DESOTO 


SPECIFICATION  NUMBER 

PRODUCT  NUMBER 

DESCRIPTION 

Mil -P-85853,  Type 

I,  Class  1 

823X439 

Yellow,  standard  version, 
VOC**  590  g/1 

MU -P-85853,  Type 

II,  Class  1 

825X480 

Dark  green,  low  IR  version 
VOC**  590  g/1 

Mil -P-85853,  Type 

I,  Class  2 

823X465 

Yellow,  Compliance  version 
VOC**  350  g/1 

Mil -P-85853,  Type 

II,  Class  2 

825X513 

Dark  green,  low  IR  version 
VOC**  350  g/1 

FMS  3035 

823X439 

Yellow 

GP  111  CT  1 

823X439 

Yellow 

QP  111  CT  2 

825X480 

Dark  green,  low  IR 

GP  111  cr  3 

623X465 

Yellow,  VOC**  350  g/1 

GP  111  CT  4 

825X513 

Dark  green,  low  IR, 

VOC**  350  g/1 

300 

ORDERING 


The  topcoats,  primers,  thinners  and  solvent  cleaners  may  be  ordered  from: 

OeSoto,  Inc. 

Fourth  and  Cedar  Streets 
Berkeley,  California  94710 

Telephone:  415-526-1525 
TWX:  910-366-7207 
FAX:  415-525-5669 

Additional  technical  and  product  Information  Is  available  from  the  OeSoto 
representative  In  your  area  or  the  above  location. 

PRECAUTIONS: 


This  material  contains  high  vapor  pressure,  low  flash  point  organic  solvents 
and  adducts  cf  Isocyanates.  It  Is  flammable  and  should  be  kept  away  from  heat, 
sparks  and  open  flames. 

Inhalation  of  Isocyanates  can  cause  allergic  sensitization.  Skin  sensiti¬ 
zation  Is  also  possible.  Avoid  skin  contact  or  breathing  solvent  or  spray 
mist.  Mix,  apply  material  and  clean-up  only  In  a  well  ventilated  area. 

Protect  painters  by  use  of  respirators,  splash  proof  goggles,  protective  gloves 
and  protective  clothing  such  as  coveralls.  Air  supplied  respirators  provide 
the  best  protection  against  exposure  especially  In  areas  of  poor  ventilation. 
Paint  spray  respirators  (chemical  cartridge  with  particulate  filters)  may  offer 
protection  against  Isocyanates.  Consuls t1  on  with  respirator  manufacturers  who 
are  familiar  with  National  Institute  For  0<  •.-national  Safety  Guidelines  1$ 
recommended. 

If  the  material  being  applied  gets  Into  the  eyes,  they  should  be  flushed  for  at 
least  fifteen  minutes  with  large  quantities  of  water  from  an  eye  bath  or  with  a 
gentle,  copious  flow  of  water  from  a  hose.  See  a  physician  Innedlately. 

If  skin  contact  occurs,  wash  off  Immediately  with  large  quantities  of  soap  and 
water.  Solvents  or  thinners  should  not  be  used  to  clean  skin.  If  clothes  are 
contaminated,  they  should  be  removed  and  laundered  before  using  again. 

Additional  Information  regarding  the  safe  handling  of  urethane  coatings  can  be 
found  In  the  OeSoto  booklet  "DeSoto  Aerospace  Coatings  -  Safe  Handling  Guide*. 
This  booklet  Is  available  from  the  Aerospace  Group,  OeSoto,  Inc.,  Administra¬ 
tive  and  Research  Center,  1700  South  Nt.  Prospect  Road,  Oes  Plaines,  Illinois 
60017,  telephone:  312-391-9386. 


Revised  5/87  CEO 
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Aerospace  Coatinqs 


Product  Information 


COATING  NAtfEt  CLEAR  KOROFLEX 
SPECIFICATION  NONE 

HIIING: 

CODE  NUMBERS*  BASE  4086>176 
^  NIXING  INSTRUCTIONS t 
NIXING  RATIO 

EQUIPMENT  CLEAN  UP  Use  NEK 

APPLICATION* 

METHOD  Air  Spray 

APPLICATION  TEMP  Ambient 

THICKNESS  PER  COAT  2-3  mil 

FILM  THICKNESS*  MAX  3  mil 

TOUCH  UP  OR  RECOAT  PROCEDURE  Respray 


4066-168 


COLOR 


ACTIVATOR  NONE  THINNER 


POT  LIFE  Indefinite 


EQUIPMENT  Conventional  Gun 
HUMIDITT  >50$  RH 

DRY  TINE  BETWEEN  COATS  30-40  mil 
MIN  .5mll 


SUBSTRATE: 

TYPE  Aluminum  or  Composite  CHEN  TREATMENT  Not  Necessary 

PRIMER  513X639  OTHER  NA 


CURING  SCHEDULE* 

NORMAL  SCHEDULE  7  days  at  RT  &  50$  RH  ALTERNATE  CURE 

DRY  TO  TAPE  2  hr  DRY  TO  TOPCOAT  1  hr  FULL  CURE  14  days  at  RT 


STORAGE: 

STORAGE  LIFE  6  months 
FLASH  POINT  -SETAFLASH- 


22F 


STORAGE  CONDITIONS  RT  or  Below 
HAZARD-TOXICITY  INFO  see  MSDS 


PHYSICAL  CONSTANTS* 
BASE* 

ACTIVATOR* 
THINNER* 
ADMIXED* 
VISCOSITY*  BASE 


HT/CAL 

7.7  +/-.2  lbs. 


HT/SOLIDS 
43.9  ♦/-2  $ 


ADMIXED 


VOL/SOLIDS 

35.8,$ 


PIGMENT 


DRY  FILM  WEIGHT  .00591  #/sqft  •  1  mil  THEORETICAL  COVERAGE  573  sqft/gal  •  1mil 


COMPLIANCE  REGULATIONS 


VOC  518  g/1  calc. 


SPECIAL  FILM  PROPERTIES* 

SERVICE  TEMPERATURE*  MIN  -65F  MAX  250-350 

FILM  HARDNESS  NA  FLEXIBILITY 

IMPACT  RESISTANCE  NSILE  COLOR  STANDARD  NA 

GLOSS*  60  DEGREES  NA  85  DEGREES  NA  20  DEGREES  NA 

OTHER  Spraying  of  more  than  3mil  at  a  time  is  not  desirable 


RESISTANCE  PROPERTIES* 
HATER  NA 
■  FILIFORM  NA 


SKYDROL  NA 
WEATHERING  NA 


ExceHence^^f^ef^^oto  Commitment 


SALT  SPRAY  NA 
STRIPPER  NA 

DATE  9/29/88 


An,  iernr.<a: loio^mahon  preseoieo Herein  i$  on accepieU dna»yicjMno lesi'Og  pracices ana  13 (3ei«evao  10 beaccurattf 

No  Quafan*e«  of  iva/raniy  o»  any  nature  is  eip^essed  Of  -mpitaa 
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KOROFLEX  PRIMERS 


GENERAL  DATA  SHEET 
Mn-P-85853 


Koroflex  primer  Is  a  one  component,  moisture  cure  polyurethane  with  outstanding 
flexibility  which  provides  excellent  corrosion  prevention.  Koroflex 
outperforms  most  conventional  primers  because  It  resists  cracking  around 
aircraft  fasteners  and  at  laps  and  joints  -  a  major  source  of  corrosion  on 
aircraft.  Cracking  of  a  protective  coating  Is  caused  by  the  flexing  and 
vibration  of  the  aircraft  and  usually  occurs  at  the  fasteners  where  high  stress 
and  flexing  Is  concentrated.  Such  cracks  provide  a  pathway  to  the  fasteners 
and  surrounding  metal  for  corrosive  salts  and  acids  which  Initiate  corrosion. 
Koroflex  primer  withstands  the  stress  applied  to  the  fasteners  without  cracking 
and  thereby  provides  superior  corrosion  protection. 

The  primer  topcoated  with  H11*C*83286  will  pass  3/8"  mandrel  bend  test  at 
-65*F.(-54*C.)  and  after  exposure  for  four  hours  at  350*F.  (177*C.).  In 
addition  to  flexibility,  the  primer  has  resistance  to  lubrication  oil 
(d1 Isooctyl  adipate),  jet  fuels  (type  III),  humidity  and  salt  spray. 

Field  exposure  of  the  Koroflex  primer  has  proved  Its  excellent  corrosion 
prevention  properties.  The  U.S.  Navy  reports  greater  than  30t  man*hour 
savings  on  corrosion  maintenance  for  carrier-based  aircraft  primed  with 
Koroflex.  The  U.S.  Navy  and  the  U.S.  Air  Force  have  each  conducted  evaluations 
of  Koroflex  primer  and  reported  that  Koroflex  has  excellent  corrosion 
prevention  properties  as  well  as  having  flexibility  and  adhesion. 

To  date,  Koroflex  has  been  applied  to  several  types  of  aircraft  and  used  In  a 
variety  of  applications.  Aircraft  primed  with  Koroflex  primer  Include  the  E- 
2C,  the  C-2,  the  F-14,  the  KC-13SA  and  the  8-52.  Koroflex  primer  has  also  been 
used  over  Kevlar  composites  and  rubber  substrates  where  It  provides  excellent 
Intercoat  adhesion  between  the  rubber  and  topcoat. 

Koroflex  has  found  use  as  an  alternative  to  polysulfide  sealant  type  primers. 
Koroflex  Is  easier  to  apply  than  polysulfide  primers  and  provides  an  Indefinite 
pot  life,  a  smoother  surface,  and  Improved  strippablllty.  Additional 
Information  on  Koroflex  as  a  replacement  for  polysulfide  type  primers  Is 
available  from  OeSoto. 

Koroflex  primer  Is  also  reconmended  for  use  under  brittle  topcoats  because 
It  will  continue  to  protect  the  substrate  In  the  event  that  the  topcoat  should 
crack.  Host  primers  In  similar  situations  will  also  crack  and  both  primer  and 
topcoat  may  delaminate  leaving  the  metal  unprotected  and  subject  to  the  onset 
of  corrosion. 


Koroflex  primer  Is  the  primer  of  choice  when  excellent  adhesion  and  corrosion 
protection  are  required  In  conjunction  with  excellent  flexibility. 


1  ri  r  M  l  r  1:  t-V/ 
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EPOXY  rnir.ER  -  filler  type 
TAM  :;487-600 


^437-600  Primer-Filler  Type  is  a  two  package  Epoxy  Primer 
consisting  of  a  pigmented  component.  548^-600  and  i“l?0-900  Curing 
Agent.  (jy432-30b  is  a  blue  tinted  version  of  this  primer.) 


TYPICAL  USES; 


PHYSICAL  PKOPuRTlES: 


This  product  is  designed  to  Pe  used  as  n 
surfacer/filler  for  com  posit  «i  materials, 
oondtitc  arcus,  fihiir.jloss  pm'ts  nnj  Miay 
be  applied  as  an  intermediole  pri.ner 
where  hi-fill  characteristics  -re 
needed. 

Epoxy  Primer-Filler  Type  ,£18  L:4sii' 


Pounds  per  Gallon: 
Solids  by  We ighL: 

Sol  ids  by  Volume: 

Curing  Agent  #120-900 

Pounds  per  Gallon: 
Solids  by  Weight: 
Solids  by  Vol ume : 

Admixed  Material 

Solids  by  VJoight: 
Solids  by  Volume: 
Color: 

Gloss: 


11.0  +  .S  Lbs, 
60.7  T  1.0^ 
40.0  ?  1.07. 


7.25  +  . Lbs. 

15.2  t-l.C?. 

14.2  1.07. 


38.5  +  1.07 
27,1  +  1 . OX 
Tan 
Matte 


MIXING  INSTRUCTIONS: 


Mix  one'  (1)  volume  of  #487-600  Epoxy 
Primer-Filler  and  one  (1)  volume  of 
#120-966  C  uring  Agent.  Thorough  mixing 
is  a  "must”  to  properly  distribute  the 
catalyst  throvgh  the  system.  To 
maximize  performance  properties 
mechanical  mixing  is  strongly 
r ecoinmendod  of  the  caialyzed  material 
10-15  niiruitcs  on  a  mec h.an  i  c  a  1  p 'o  n  t 
shaker/condit inner. 
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#487-600 

Epoxy  Primei — Filler  Type 
Page  2 


RECOMMENDED  THINNING: 


INDUCTION  TIME: 


SURFACE  PREPARATION: 


APPLICATION 

INSTRUCTIONS: 


RECOMMENDED 
FILM  THICKNESS: 


DRY  TIME: 


CLEAN  UP  SOLVENT; 


If  further  reduction  is  required  use 
Epoxy  Thinner  #110-583. 

Allow  admixed  material  to  stand  20-25 
minutes  before  applying. 

Composite  Surfaces: 

Properly  remove  surface  contamination. 
Sand  or  scuff  as  necessary.  Surfaces 
must  be  clean  and  dry  before 
primer/surfacer  application. 

Bondtite  Areas: 

Sand  and  “work"  to  desired  smoothness. 
This  f 1 1 1 er/surf acer  may  be  used  In  a 
one  coat  squeegee  application  to  fill 
pin  hole  areas.  Other  filler  putties 
also  may  be  used  to  assure  a  smooth 
surface.  All  Bondtite  areas  roust  have  a 
final  coat  of  this  prlmer/suriPacer. 

Apply  the  primer/surfacer  system  using 
a  medium  wet  coat  application  sequence, 
two  or  three  coats  should  be  adequate  to 
"fill"  and  "surface".  These  coats  may 
be  applied  3-4  minutes  apart. 
Conventional  air  or  airless  equipment 
may  be  used. 

Total  dry  film  thickness  before  sanding 
will  range  from  3-5  mils.  Final  film 
thickness  before  finish  coat  application 
should  be  1.0-1. 5  mils. 

Allow  to  dry  4-6  hours  at  77*F  and  50Z 
relative  humidity  to  Insure  proper 
sanding  characteristics.  A  force  dry  of 
125*’F  for  1-2  hours  may  be  used  to  speed 
sandl ng. time.  JET  GLO  should  be  applied 
within  24  hours. 

#110-588.  #110-755  Thinners,  or  MEK. 
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<1487-600 

Epoxy  Primer-Filler  Type 
Page  3 


CAUTION; 


Keep  away  from  heat  and  open  flame.  Avoid 
prolonged  contact  with  skin  and  breathing  of 
vapor  or  spray  mist.  Do  not  take  internally. 
Close  container  after  each  use. 


IMPORTANT; 


Any  worker  who  does  not  fully  understand  these 
application  instructions  and  safety  precautions 
or  who  is  unable  to  comply  with  them  should 
contact  his  supervisor  before  using  this 
product. 


The  Information  in  this  report  is  based  on  tests  in  our 
laboratory.  The  user  should  thoroughly  check  this  material  for 
his  specific  requirements. 


I'hc  first  production  Bcccli  Scnrsliip  is  shown 
here  leaving  its  Wichita  completion  centre  for 
flight  test.  Instead  of  the  more  usual  “green" 
zinc  chromate,  the  all<ompo$itc  Starship  is 
treated  with  two  coats  of  powder  blue 
flllcr/primcr  compound  before  final  painting. 

NC-4  will  be  delivered  to  the  first  Surship  retail 

customer. 

INTERAVIA  6/1980 


I  :  ♦ 
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CPS  5/89 
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SYNSKIN 


TM 


WHY  THERE’S  NO  OTHER  SURFACING  F 


SynSkIn  is  a  revolutionary  composite 
surfacing  film.  Ifs  the  only  film  that 
provides  aerodynamic  srnoothness 
and  protects  composite  surfaces  with  a 
resistant,  paintable  surface  -  without 
the  costly  sanding  and  filling  steps 
required  with  other  oonventionat 
adhesive  film  surfacing  matertels. 


OCprtVMUCMl 
Film 


r~l  No  SvrtaM  riim 


Coomoitoow  of  oomsooNo  ourfooo  SMeoraUM 
ooott  (Hr  oeuaro  Molt. 


Conventional  oomposite  surfacing  films 
are  lightweight  epoxy  film  adhesives 
designed  for  etruotural  bonding  that 
have  been  adapted  eeoondarily  for  a 
surfacing  appiioatlon.  Thoy  iwquiro 
oxtonsivo  tilling,  Banting  and  lovoVng  to 
ramova  audaoa  Irragulariilaa.  Those 
extra  steps  are  not  only  time  oonauming 
and  oos^,  but  they  also  frequently 
damage  the  oomposite  part. 

SynSMn,  on  the  other  hand,  is  oom* 
posed  of  a  unique  combination  of 
materials  In  a  proprietary  resin  matrix. 
And  because  H  was  spsolflcally 
formulated  to  solve  honeycomb  core 
mark^hrough,  porosity  and  core  crush 
problems.  It  provides  a  high  quality 
smooth  paintable  surface  with  little  or 
no  secondary  preparation. 


-.‘i- 

I 

UP  V 

Vx  . 


LOWER  COMPOSITE  COSTS .. 

A  one  step  oomposite  aiir)t^ngdbnospV’:Bllmlnatea  expei 


and  aurteolng.  ‘ 


rrjlyMi*  StmSIiiA 
'aHmIas  rHiM 

IfitaMAMIffM*. 


t  m- 

if 


MitUmlAMM 


pon^oe/Ks /Mnuf)^ 


CcflvHtlHsl  •urTMlni  tiimt  •■wm  Mrt  arviri 
(Mtl)  wNII«  SynSkIn  $yf(»»ln§  riimt  mtlnlaln 
••f*  antH  (rif  ni). 

MAXIMUM  LEVELING 
PRO^ERllES. 

What's  mors,  SynSkIn  features 
excellent  leveling  properties  by 
distributing  Itself  evenly  across  uneven 
pressure  areas.  Therefore,  core  crush 
due  to  prepreg  and  surfacing  ply  move¬ 
ment  along  with  the  honeycomb  pattern 
Imprint  Is  eliminated 


PREVENTS  POROSITY. 

SynSkIn  surfacing  films  prevent 
porosity  that  oould  cause  moisture  to 
penetrate  the  oomposite.  SyriSkin  Is 
compatible  with  a  wide  varl^  of  com- 
poelte  matrix  resins  and  surfaoes. 

PERFORMANCE  TESTED. 

You  can  rely  on  SynSkIn  to  deliver 
advanced  performance  under  extreme 
conditions.  Its  moisture  penetration 
resistance  Is  proven  with  over  2000 
simulated  hotAvet  flight  cycles  without 
exhibiting  microcracking.  On  lop  of 
that,  SynSkIn  survived  65  days  In 
14U*F  water  without  paint  blistering. 
SynSkIn  also  protects  sensitive 
oomposite  surfaces  from  environmer 
fluids  and  resists  jet  fuel,  alcohol  an, 
hydraulic  fluids. 


.  •  #  H 


M  LIKE  IT 


WHY  SYNSKIN  IS  THE 
NEW  GENERATION 
IN  COMPOSITE 
SURFACING  MATERIALS. 

•  No  dm*  oontumlng  flnithing  itops.  That 
maana  graatar  posductlvity,  and  no  damaga 
to  aanai1^«  pa/la. 

a  OaUvara  high  quality  aurfacaa  with  no  oofa 
mad(-!hfough. 

a  Pravanta  oon  cniah  during  cura  of  honay* 
oornb  atiffanad  parta. 

a  Provldaa  durabla  high  quality  paintabla 
aurfaoaa. 

a  Compatibia  with  a  wida  vahaty  of  oompoalta 
prapraga  and  matartata. 

a  Storabla  at  amblant  tamparaturaa  which 
provldaa  long  outtima  to  aooommodata  la^ja 
oompoaita  aaaambly. 

a  Cocurabla,  aandabla  and  machinabia. 

a  Eaaylayup. 


WItfi  aynaiUii  MrfMlitf  fllmf , 
aniiww  a  tvnry  dwvawwa  wa 
dOM  not  tHew  Vm  pffpftg 
le  atpUd*  M  MrfMing  him, 
Mm  MmMMna  «em  mwMhmuBh. 


SEE  THE 


Com  nwtthmufn  to  «MMd  by 
Miben  flbof  pmpmg  tomoo  to 
port  (ufToot  by  tfw  prtwum 
•MfWO  tfMWpTi  ttw  a»«  wtff*  tn 
•onvonllonol  ourfoornf  filmo. 


a  Protacta  oompoaita  aurfacaa  during 
machining,  routing  and  drilling. 

a  Supplied  with  lightweight  oompatibla  fiber 
mat  carrier. 


For  mor*  Information  contact: 


DIFFERENCE 

'/ITH  SYNSKIN! 


DEXTER  ADHESIVES  & 
STRUCTURAL  MATERIALS 
DIVISION,  Pittsburg,  CA 
(415)  687-4201 


HVSOL 


ail 


SYNSKIN 


MyMi  Awoipto*  Pipduou  flPMiraii  Caniw  ^rattaifp.  OA 


HyMl  AMotpao*  Produeta 
tue  Willow  Paaa  Road 
RO.  Box  ai2 

PMaburg.  CalHomla  a48d54M1 
Ptwno!  (41«)  0a7<4201 

_  Pai!  (41B)  M7-420S 

iMatxmoowouiraN  TWX:  (210)  2074343 


ADHESIVES& 

STRUaURAL 

MATERIALS 

DIVISION 


HyM*  It  •  ngMwad  ndwnafk  ol  Tha  Ottow  CopgnSw 
SynSUn*  I*  t  Mdtmaili  o(  Tht  Oailtr  Corparason. 

•  ttae  nw  otutr  Cwponton 

Tht  MwmMon  eemalntd  iMraln  It  battd  toMy  on  data  ttWMIt 
to  Oadtr  ant  It  iMttvtd  to  bt  aoouraw.  No  Mammy  It  oatrad, 
aitomtt  or  bnptao.  tndudtog  any  and  at  bnatad  wanwilta  m 
mattntmaUHy  and  nananata  o<  Mnata  tor  btandad  uaa  or 
ptrtouito  pupota.  Oaiitr  rntxat  no  guarantaa  of  laaiRi  and 
atMtnta  no  oMgaaon  of  MMy  wfwtooavar  In  aomtoaon  a«i 
aw  uaa  of  Mt  intormtaon. 
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AEROSPACE  ADHESIVE  PRODUCTS 


STNSKIH  SORFACinS  FILMS 
APPBARANCB  PANEL  LAT-OP  PROCEDURES 


The  following  Instructions  describe  the  general  procedure  used 
to  fabricate  appearemce  panels  using  Synskin  surfacing  films. 
The  appearance  panels  are  used  as  Dexter's  baseline  for  san^le 
specimens . 


SPECIMEN  MATERIALS 

Honeycomb  Core  -  HRH«10-l/8''-3.0  (Hexcel) 

Cut  to  8"x  12*  and  beveled  to  5”x  9* 
Ribbon  In  12”  direction 
Prepreg  -  Fiberlte  934  Plain  Weave 
Adhesive  -  £A  9628. 06NW  (used  with  250F  cure  SynSkIn) 
EA  9680.05  OST  (  used  with  350F  cure  SynSkIn) 
SynSkIn  -  LP68908  -  250F  cure  version 
XHC  9837  •  350F  cure  version 


liAXrVP 

Frekote  700  release  agent 
Air  Weave  Breather  Cloth 
PTFE  Film 
Polyester  String 

1/2"  Aluminum  Plate  Tool  -  Polish  out  scratches  to  400  grit 

smoothness 


PROCEDURE 

1.  Place  a  12”x  16"  sheet  of  Synskin  surfacing  film  on  tool 
with  scrim  side  facing  upward. 

2.  Place  one  ply  12 "x  16”  of  ±  45*  prepreg  on  the  Synskin 
surfacing  film. 

3.  Add  one  ply  12 "x  16"  of  0*/90*  prepreg  to  lay-up. 

4.  Cut  two  2"x  10”  and  two  2"x  14”  strips  of  prepreg  and 
place  along  the  edges  of  the  prepreg. 

5.  Cut  an  8"x  12”  sheet  of  adhesive  and  place  in  the  middle 
of  the  lay-up. 


3ia 


6.  Plae«  honavoonb  eojr*  on  propxog  lay-up  wltli  8*x  12*  aid# 
towa^s  tha  adhaslva. 

7.  Cut  anothar  6*x  12*  ahaat  of  adhaaiva  and  placa  on  top  of 
tha  honaycoab  cora. 

8.  Cut  two  3*x  10*  atrlpa  and  two  3*x  14*  atripa  of  praprag 
and  placa  along  tha  four  adgaa  of  tha  lay-up. 

9.  Placa  ona  ply  12 *x  16*  of  0*/90*  praprag  with  a  4”x  6* 
cutout  in  tha  cantar  of  tha  lay-up. 

10.  Placa  ona  ply  I2*x  16*  of  ±49*  praprag  on  tha  lay-up. 

11.  Cut  a  atrip  of  1*  wida  air-iaaava  braathar  cloth  and  placa 
1*  from  adga  of  lay-up. 

12.  Placa  polyaatar  atringa  on  aaoh  of  tha  four  oomara  of  tha 
lay-up  to  bridga  tha  lay-up  to  tha  airwaava. 

13.  Placa  PTF8  film  ovar  lay-up. 

14.  Bag  tha  lay-up  and  pull  a  vacuum  of  25-30  inchaa  of 
marcuxy. 

15.  Cura  tha  lay-up  following  tha  oura  aohadula  liatad  in  tha 
data  ahaat. 

16.  Aftar  oura,  ramova  tha  panal  from  tha  tool  and  lightly  wat 
aand  to  ramova  aurfaca  imparfaotiona  and  ralaaaa 
chamicala . 


ZAT-UP  DIA9RAK 


'.tUSSSSSSS^ 


±49* 

0*/90* 

Adhaaiva • 

Honaycoab 

Adhaaiva 


0*/90* 

±49* 
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PRELDCXHMtT  DASH  SHEET 


SynSkln 
yiip  9837 

Exparimental  330**?  Surfacing  Film 


DBSC31IPTI0H 

XHC  9837  is  an  apoxy-basad  surfacing  film  designed  to 
improve  the  surface  quality  of  honeycomb  stiffened  composite 

farts.  The  product  is  manufactured  with  a  non>woven  fabric 
or  support.  It  is  offered  in  a  thickness  oi  5-6  mils  with 
a  weight  of  .040  psf. 


FEATURES 

•Cocurable 

•Prevents  core  crush 
and  porosity 


•Provides  high  quality 
paintable  surface 

•Maximum  leveling 
properties 


HANDLING 

The  product  is  supplied  in  sheet  form  and  is  ready  to  use  as 
received.  The  film  should  be  removed  from  cold  storage  and 
allowed  to  warm  to  room  temperature.  The  fabric  side  of  the 
film  should  be  positioned  and  co-cured  on  the  prepreg  side 
of  the  part.  This  will  allow  easy  repositioning  if 
necessary. 


APPLICATION 

Surface  preparation  for  painting  consists  of  light  wet 
sanding  to  remove  release  chemicals  and  tool  imperfections. 

Shelf  Lifet  1  year  at  0*F  or  6  months  at  77*F 

Open  Assembly  Timei  >  30  days  at  77 '’F 

Curing!  1  hour  at  350®  F  with  45  pal  pressure  (3-5*F/min  heat 
up  rate) . 
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HllZARD  KAKMI1I6 

For  Industrial  Use  Only I 

CAUTION t  The  uncuzed  adhesive  causes  eye  irritation  and  nay 
cause  skin  irritation  as  allergic  deznatitis.  Contains 
epoxy  resins.  Use  good  ventilation.  Avoid  contact  with  eyes 
or  skin.  Wash  thoroughly  with  soap  and  water  after 
handling.  Do  not  handle  or  use  until  the  safety  Data  Sheet 
has  been  read  and  understood.  These  warning  are  based  on 
Guidos  for  Clooaifying  and  Labaling  Spoxy  Products  According 
to  Their  Hazardous  Potentialities  prepared  by  the  Epoxy 
Resin  Pomulators  and  the  Society  of  the  Plastics  Industry, 
Inc.  and  are  based  on  ANSI  2129  standard. 

WARNING I  Before  Using  this  product,  read  the  contents  of 
the  Material  Safety  Data  Sheets  carefully. 


AVAILABILIT7 

This  product  is  available  from  Bysol  Dexter  Adhesives  6 
Structural  Materials  Division,  2850  Willow  Pass  Road,  P.O. 
312,  Pittsburg,  CA  94565-3299.  Telephone  415/687-4201,  TWX 
910/387-0363.  FAX  415/687-4205. 


8/89 


^ot«nn  tMd  M  otHim  aid  tn  not  imaid»d  lor  uw  n  pn,aing  wndkavia  Adua  laata  im,  ndegmnaiMam  aid  awMdaa  conaandd  Kdraki  a*  feMM  id 
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HYSOL  AEROSPdCE  PnOOUCTS 
2S60  Wiloa  Paid  Road 
PO.  Boa  312 
PWaeuxQ.  CA  S4W5-003I 
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AEROSPACE  ADHESIVE  PRODUCTS 


DESCRIPTION 

EA  9628  i9  a  modMad  epoxy  film  adhesive  designed  for  atnicturai  bonds  lequiiing  toughness.  EA  9628  is  available  with 
two  carrier  fabrics:  a  knitted  nylon  (EA  9628)  or  a  non-woven  nylon  mat  (EA  9628NW)-  EA  9628  has  excellent  resistance  to 
most  environments. 


FEATURES 

e  Rim  Adhesive  •  GoodToughtress 

•  225-2S0*FCure  •  Bonds  Many  Materials 

e  Excellent  Durability 


HANDLING 

This  product  is  in  sheet  form  artd  is  ready  to  use  as  received.  The  adhesive  should  be  removed  from  cold  storage  and  allowed 
to  warm  to  room  temperature.  All  moisture,  should  be  removed  from  the  protective  packaging  before  opening.  The  adhesive 
film  has  a  protective  llner(s)  on  it  which  rnust  be  removed  prior  to  parts  assembly  (see  ‘Applying*  below).  The  liner(s)  always 
will  be  a  contrasting  color  from  the  adhesive  to  allow  the  user  easy  confirmation  of  removal. 


APPLICATION 

Shelf  Ufe  -  EA  9628  requires  refrigerated  storage.  Store  at  OT  or  oelow  for  maximum  storage.  Shelf  life  at  OTls  greater 
than  6  months.  Store  only  In  sealed  containers  to  prevent  moisture  contamination.  Allow  ail  moisture  to  evaporate  from 
container  before  opening  for  use. 

Applying  -  Bonding  surfaces  should  be  dean,  dry  and  properly  prepared.  For  optimum  surface  preparation  consult  Hysol 
Bulletin  G1-600  *Prepar<ng  the  Surface  for  Adhesivs  Bonrflng.'The  adhesive  film.  wHh  one  liner  left  on  it.  may  be  tacked  to 
the  detail  part  for  cutting  to  shape  and  size.  The  liner  should  remain  with  the  adhesive  until  just  before  assembly  of  the  detail 
to  the  other  faying  surfarxt.  This  will  minimize  oontamir^stion  of  the  adhesive  bond.  The  bonded  parts  should  be  held  in  contact 
until  the  adhesive  has  cured.  Usually  25  to  SO  PSI  is  sufficient  to  assure  pmper  part  mating. 

Open  Aasembly  Time  -  EA  9628  rrray  be  used  within  the  fonowfng  schedule  after  removing  from  cold  storage: 

At  75*F  at  least  20  days 
At90T  atleastlOda^ 

Curing  -  EA  9628  may  be  cured  for  1  hour  at  250T,  or  90  minutes  at  225‘F.  Heat  up  rate  to  the  cure  temperature  is  not 
critical,  but  should  be  between  4T  and  7T  per  minute.  Pressure  should  be  applied  before  heating  the  parts  to  be  bonded 
arxl  maintained  until  cool  down  of  the  assembly. 

Cleanup  -  It  is  important  to  remove  excess  adhesiva  from  the  part  and  bonding  tools  before  it  hardens.  Once  the  adhesive 
Is  cured,  it  is  difficult  to  remove  except  by  mechanical  abrasion.  UrKured  adhesive  may  be  removed  with  denatured  alcohol 
and  many  common  Industrial  solvenis.  Be  careful  to  prevent  any  solvent  from  entering  the  uncured  borxjline  as  solvent  will 
degrade  the  final  bond  performance.  Consult  with  your  suppUerts  information  pertaining  to  the  safe  and  proper  use  of  solvents. 


BOND  STRENGTH  PERFORMANCE 

Tensile  Lap  Shear  Strength 

Tensile  lap  shear  strength  tested  per  ASTM  O  1002  after  curirrg  as  shown  below.  Adherends  are  2024-T3  clad  aluminum 
treated  with  phosphoric  acid  anodize  per  BAG  5SSS.  Performance  is  comparable  when  a  state  of  the  art  corrosion  inhibiting 
primer  is  used,  such  as  Hysol's  EA  9228.  Rim  weight  Is  0.060  PSF. 

Typical  Results  (PSI) 


Knit  Support 

Non-Woven  Support 

Test  Temperature,  *F 

Cured  1  hr.@2S0T 

Cured  1.5  hre.@235‘F 

-67 

5500 

5500 

75 

6000 

5800 

180 

4000 

— 

Bulk  Resin  Properties 

Tanail*  Propart)**  -  tested  using  0.125  inch  castings  per  ASTM  0  638. 


^  Tensile  Strength.  PSI@75T  7500 

Tensile  Modulus,  PSI  ®  TS'F  345.000 

Elongation  at  Break,  %@7S*F  7.S 

Shore  D  Hardness  @  7ST  83.0 

Tjdry  248 

T«wet  210 

Shear  Modulus  dry 

(via  Dynamic  Mechanical  Thermal  Analyzer,  KHI)  90.5 

Compressive  Properties  -  tested  using  O.S  inch  castings  per  ASTM  0  695. 

Compressive  Strength.  PSI  ®  7S*F  11,500 

Compressive  Modulus.  PSI  ®  75*P  310,000 

Electrical  Properties  -  tested  per  ASTM  0  149,  D  150. 

Dielectric  Constant  0.087  @  1  KHz 

Dissipation  Factor  356  @  1  KHz 

Dielectric  Strength  >358  volts/mil 


HAZARD  WARNING 

For  Industrial  Use  Onlyl 

CAUTION:  The  uncured  adhesive  causes  eye  irritation  and  may  cause  skin  irritation  as  allergic  dermatitis.  Contains  epoxy 
resins.  Use  good  ventilation.  Avoid  contact  with  eyes  or  skin.  Wasti  thoroughly  with  soap  and  water  alter  handii/ig.  Do  not 
handle  or  use  until  the  Safety  Data  Sheet  has  been  read  and  understood.  Do  not  cut  or  weld  empty  container.  Tliesc  warnings 
are  based  on  Guides  for  Classifying  and  Labeling  Epoxy  Producta  According  to  Their  Hazardous  PotentialiUes,  prepared  by 
the  Epoxy  Resin  FOrmulators  Division  and  the  S^ety  of  the  Plastics  Industry,  Inc.,  and  are  based  on  ANSI  2129  standard. 

WARNINQ:  Before  using  this  product,  read  the  contents  of  the  Material  Safety  Data  Sheets  carefully. 


AVAILABILITY 

This  product  is  available  from  Hysd  Aerospace  and  Industrial  Products  Division,  2850  Willow  Pass  Road,  P.O.  Box  312, 
Pittsburg,  CA  94565-3299.  Telephone  415/687-4201.  TWX  910/387-0363 


Revised  2/86 


PicpMtn  itM  an  lyptcti  «ah<M  M  nai  inianM  tot  um  m  ptapattog  apaoWcattona.  AakW  tatoaa  awr  vary.  Haeowanandaitotto  and  auggaaltona  comatoad  harato  ata  Urndad 
to  laaannatot  oonanaictoi  rtoa.  Me  aaptaaa  aattaratoa  tn  totondad  tty  any  rapraaaniaaoii  and  diata  ara  no  aiartanltoa  aititon  aatond  bayotto  Bra  daacttodon  an  toa  laea  hataoT  Tha 
war  la  advlaad  to  uaa  aswranda  and  an  oondtoora  wtwn  avaluaang  ihia  adhaama  mat  ara  aa  lapraaanuMva  aa  poaatoto  gl  vuaa  uaad  to  tra  Muai  manidacuaad  aarn 
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Phona  (416)  587-4201,  TWX:  810  357-0353 
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After  Expoeura  to/Test  Temperature 
TeetTempereture,  *F 


lypicel  Reeulte(PSl) 

KnK  Support  Non-Wowen  Support 

Cured  1  hr.@2S0*F  Cured  U  hre.@aayF 


Control  6300  6300 

76T  Water-30  day8/7S*F  6300  6300 

12(rF-100%RH-30daya^5*F  5900  5900 

Hydraulic  011-7  daya/75T  6500  — 

JP-4Fue(-7day8/75*F  6100  6100 

Salt  Spray-1 05*F-30day8/76T  6100  6100 

7ST  Anti-Wng  P  -7  daya/TST  6300  6300 


Peel  Strength 

T  Peel  strength  tested  per  ASTM  0  1876  after  curirtg  as  shown  above.  Adherends  are  2024-T3  dad  aluminum  treated  with 
phosphoric  add  anodize  per  BAC  5555. 


r  Typical  Results  (PU) 

KnK  Support  Non-Woven  Support 

Test  Temperature,  *F  Cured  1  hr.@250*F  Cured  1.5  hrs.@235*F 

-67  28  — 

75  37  — 

180  34  — 

Metal  to  Metal  Climbing  Drum  Peel  strength  tested  after  curing  as  shown  above.  Adherends  are  2024  T3  dad  aluminum 
treated  with  phosphoric  add  anodize  per  BAC  5555. 


Typical  Results  (In.  IJb./In.) 

KnK  Support  Non-Woven  Support 

Test  Temperature,  *F  Cured  1  hr.@250*F  Cured  1.5  hrs.@23S*F 

-67  50  45 

75  70  65 

180  60  55 

Crack  Extension  tested  per  ASTM  0  3433 


Typical  Results  (LbTIn.) 


Test  Mode,  «F 

KnK  Support 

Cured  lhr.@2S0*F 

Non-Woven  Support 
Cured  1.5  hrs.@23S*F 

G.e 

8 

16.4 

Q- 

6 

11.9 

QiMp<5week8) 

— 

7.4 

Qim  (15  weeks) 

— 

5.7 

Honeycomb  Sandwich  Performance 

Honeycomb  sandwich  strength  tested  after  curing  as  show.i  above.  Adherends  are  2024  T3  clad  aluminum  with  '/*  inch  cell 
5052  nonperforated  aluminum  core. 

Honeycomb  Climbing  Drum  Peel  Strength 

Typical  Results  (In.  LbTIn.) 

KnK  Support  Non-Woven  Support 

Test  Temperature,  *F  Cured  1  hr.@2S0*F  Cured  1.5  hra.@23S*F 

•67  18  16 

76  20  21 

180  16  15 


Ratwise  Tensile  Strength 


Test  Temperature,  *F 


Typical  Results  (P8I) 

KnK  Support  Non-Woven  Support 

Cured  1  hr.@250*F  Cured  1.5  hrs.@^S*F 


75 


1400 


1300 


Service  Temperature 

Seivloe  temperature  Is  defined  as  that  temperature  at  which  this  adhesive  still  retains  1000  PSI  using  lest  method  ASTM  0 
1002  and  is  250°F. 
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Scotch-Weld  - 

BRAND 

Aerospace 
Technical  Data  Sheet 

Structural  Adhesive 
Film  AF-32 


Im(mNo.  2 
Marc^,  1986 
SuperaadM  pravkxit 
product  data 


< 


Introduction: 


*Scolch-Wdld*  Brand  Bonding  Film  AF*32  ia  an  unsupported,  tnernx>setting  film  adhesive  designed  for  metal  to  metal 
bonding  where  especially  high  peel  strengths  are  required. 

AF>32  film  adhesive  offers  the  following  advantages: 
e  Exceptionally  high  peel  strength  at  service  temperatures  from  -  67*F.  to  2S0*F. 
e  Good  flexibility  and  shear  strength  at  service  temperatures  from  -  67*F.  to  250*F. 
e  Easy  application  in  a  dry  film  which  can  be  pressure,  heat  or  solvent  tacked  In  position, 
e  Excellent  retention  of  strength  after  aging  in  many  environments. 

•  Excellent  adhesion  to  mcst  metals  including  aluminum,  titartfum,  stainless  steel,  cadmium,  nickel,  brass  and  others, 
e  Qualification  to  military  specification  MMM'A-132  Type  I  Class  2  and  EC*1660  primer.  This  system  Is  known  as  AF-6032. 

Description: 

Form: 

Color: 

Nominal  Caliper: 

Wslght: 

Volatile  Content: 

Availability: 

Shrinkage: 


Product  Performance: 

l.niiiMM-iMttly^  2  Test  Data 

The  following  Is  a  summary  and  a  list  of  average  test  results  for  the  structural  adhesive  system  AF-32  with  EC-1660 
primer  when  bonded  specimens  were  prepared  and  tested  In  accordance  with  Military  Specification  MMM-A-1 32. 
Type  1  Class  2. 


Rexibie  unsupported  nim.  protected  by  a  suitable  liner. 
Yellow  to  Brown 
10  mils 

0.050-0.060  Ib8./8q.  ft. 

Less  than  5%  (2-4  gm.  sample  cured  1  hr.  @  350*F.) 
Maximum  width  is  20  inches.  Standard  roll  Is  36  yds. 

5%  maximum  (24  hrs.  @  7Ss  5*F.  in  horizontal  position) 
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Product  Porfomuinco:  (cont) 


Ibet  Condition 

liMM-A-132 

TypdlClaaa2 

nvifUifvnwm 

AF-32/BC1660 

R^ltt 

A.  Tenalle  Shear 

1.  Normal  Temp.  (75*F.) 

2500  pal 

4085  pal 

2.  10min.@180*F. 

1250  pal 

2286  psi 

3.  10 min.®  -6rF. 

2600  pal 

6086  pal 

4.  Nomial  Temp.  (7S*F.  after  30  daya  Immeralon  in  Salt  ^Mer  Spray) 

2250  pal 

3618  pal 

5.  Normal  Tamp.  (75*F.  after  30  daya  Immersion  @  120*F.  and  95-100% 
Relative  Humidity) 

2250  pal 

3825  pai 

6.  Normal  Temp.  (7S*F.  after  30  days  immersion  In  Tap  wetar) 

2250  pai 

3898  pal 

7.  Normal  Temp.  75*F.  after  7  days  Immeralon  In  JP4  Fuel  (MIUJ-5624) 

2250  pai 

3831  pal 

8.  Normal  Temp.  75*F.  after  7  daya  Immersion  in  AntMdng  fluid  (MIL-F-5566) 

2250  pai 

3798  pal 

9.  Normal  Temp.  7S*F.  after  7  days  Immersion  In  Hydraulic  Oil  (Mll/H-5606) 

2250  pal 

4238  pal 

10.  Normal  Temp.  75*F  after  7  d^  Immersion  In  Type  III  Hydrocarbon  Rukj 
(MIL-S-3136) 

B.  Creep  Rupture 

2250  pal 

3843  pal 

1 1 .  Normal  Temp.  (7S*F.)  192  hrs.  @  1600  psi 

0.01 5*  maximum 
deformation 

0.012  Inchaa 

12.  160*F.,  192hr8.@800p8i 

C.  Fatigue 

0.01 5*  maximum 
deformation 

0014inchea 

13.  Normal  Temp.  (75*F.)  750  pai  @  10*  cycles 

No  glue  line 

No  glue  line 

0.  Other  Teata 

failure 

failure 

14.  Nomial  Temp.  (75*F.)  T-Peel 

iSpiw 

SOplw 

15.  Tensile  Shear  (75*F.)  Bllater  Detection 

2250  pal 

3866pal 

II.  MIscclltfMoua  TMt  Data 

A.  AF'32/EC*16608toragaUfaTaatln9 

The  following  data  Indlcatea  that  the  AF'32  —  EC-ieeo  ayatem  doaa  not  degrade  on  aging  at  75  ±  5*P.  for  3  montha. 
A  cure  cycle  of  100  pal  bonding  preaaure  applied  by  a  platen  preaa  and  a  200*  F./mlnute  bond  line  temperature  riae 
from80*F.to350*F.  with  120  ±  1  minuteatSSO  ±  2*F.waauaed.  All propertlea  were meaaured on  1* wide,  tV overlap 
spedmena  cut  from  .063*  thick  4'  x  7*  bonded  panela  of  2024  T3  clad  aluminum.  Teata  were  oenduoted  aooordlng  to 

aeaeea  e  _ At _ * 


MMM-A-132  methoda. 

That 

Atrerage 

Type 

That 

Tbmperatura 

Unaged 

Aged  3  montha  (78  4  6*P) 

Failure 

Shear  Strength 

76  ±  2*F 

3825 

4191  pal 

Cohesive 

Shear  Strength 

180  ±  2*F 

2287 

2222  pai 

Cohesive 

Shear  Strength  (After 

30  day  Salt  Spray  FED 
STD  151) 

75  t  2*F 

3816 

4020  pal 

Cohesive 

Product  Porformanot:  (coni) 


a.  AM2/IC«lM0PiiiTwraiiMriiranatfienAlumlnMii 


-07T, 

6067  pal 

78T. 

3636  pal 

180*P, 

2267  pal 

280*F. 

1460  pal 

380*F, 

670  pal 

400*F, 

630  pal 

S00*F. 

360  pC 

C.  AF*32/IC*1M0Prlm«rT>PMiatrtflgth 

T'PmI  bond*  oontiC  of  t%i«  ec  1 660  prdiMd  r  X  r  X  ,020*  a024  T3  olid  panM  bendtd  log«ih«r  wtth  •  r  X  8’ Motion 
of  Wm.  TN*  panol  It  thon  out  Into  1*  X  r  T*pmI  KMOlnMn*  whMt  at*  pMlod  at  •  60*  dnglo  to  tho  bond  Nnd  with  •  )«w 
aaparailon  rat*  of  20  lnoh*a/mlnuta.  Cur*  oyotoa  war*  aa  Indloatod. 

Platon  Praaa  Cura;  300*P.,  60  minutoa,  ISO  pal,  i0*F/mlnuto  tomparatura  riM  rata. 

•67*P.  lOplw 

76*P.  60plw 

160,P.  26plw 

280*P  ISplw 


0.  AP41/tC*1660PHm*rOMrtopStM*rAft*rAglnaPor1ia.andSVMrtlniot«ttiPI*rld* 


Control 

iVMr 

IYmt* 

3¥a«* 

-87*F. 

4461  pal 

4660  pal 

4600  pal 

4600  pal 

78*F 

4216  pal 

3660  pal 

4360  pal 

3630  pal 

160*F, 

2166  pal 

2260  pal 

8610  pal 

2340  pal 

2S0*F. 

1336  pal 

1320  pal 

1660  pal 

1620  pal 

300*F. 

1036  pal 

1120  pal 

1140  pal 

640  pal 

Cur*d60mlnut**9360*F,  100  pal.  10*F,/mlnuto  rto*  r«* 


HI.  MI**a(l*n*ouaOai*AP«23 

A.  AP«S3Co*fflalantofTh*rmallxp*n*l9n 

B*lew6*p.  860x1OMn/lrv*P, 

AbcvaS'F  1700x1CMn/lrv^P, 

a.  AP48Moduluaofll*attolty 


-67*F. 

334.000  pal 

78*F, 

3,600  pal 

160*F. 

1,630  p^ 

300*F. 

i,<ispai 

•32  UHlmato  UNialto  Uroaa 

-^rF 

6320  pal 

7S*F, 

2860  pal 

160'F, 

763  pal 

880*F. 

606  pal 

616 


Applloctlon: 


Proptr  adhMiv*  •ppOoalion  i«  M  impofiant  M  propar  tMnd  dMign  and  adhMK*  oholo*  to  NMain  maximum  joint 
proparHaa.  Impropafadhaoiva  application  tactviiquaa  can  raauK  in  partial  or  oomplaiafailum  of  an  aasambly. 

AF>32  parformanoa  data  raportad  in  a  latar  faction  Obct  RaauNt)  waa  davaiopad  uaing  ttia  following  Miggestad 
prooadunw.  Vvtationf  from  ihaaa  procaduraa  ahouid  ba  My  avaiuatad  to  Inaura  bond  proparlies  aufficiant  to  maat  the 
laqulramantf  of  your  particular  ap^ication. 

tufiaoa  Praparation _ 

A  tlioroughly  daanad,  dry,  giaasa  fraa  aurfaoa  is  aasantial  lor  maximum  parfonnanoa.  Claaning  mathoda  which  will 
produoa  a  braaMraa  watar  Him  on  matal  aurfacaa  ara  ganaraMy  satlsfa^ory.  Surlaca  praparationa  should  be  fully 
avaiuatad  with  the  adhaalva.  aapadally  if  raalatanoa  to  apadfic  anvironmants  are  anticipated. 


•uggaatad  Cleaning  Prooadura  for  Aluminum 

1.  Vapor  Oagraasa—Parchioroathyianaoondanaing  vapors  for  5*10  minutes. 

2.  Alkaline  Oagraasa  OaUta  1 04  solution  (9>1 1  ozygallon  of  watar)  at  1 90  s  1 0T.  for  1 0*20  minutes.  Rinse 
Immedlalaly  In  large  quantHiaa  of  oold  running  watar. 

3.  Add  Etch — Plaoa  panels  In  the  following  solution  for  10  minutes  at  1 50  ±  S*f. 


Caution;  Use  adequate  respiratory,  ays  and  skin  protection  when  using  etch  soiutlona. 


Sodium  Olchromata  (Na«CriOr2HfO) 

8ulfurloAdd,06*Be 

2024T-3  aluminum  (disaolved) 

Tap  Watar 


4.1  •  4.9  ozygalion 
38.5-41.5oz./gallon 
0.2  oz  ^gallon  minimum 
Saianca 


4.  Rinse'— Rinse  panels  In  dear  running  water. 

0.  Dry —Air  dry  10  minutes 

Force  dry  10  minutes  at  10O*F.  ±  10*F. 


0.  N  is  advlsabls  to  coat  the  freshly  daanad  surfaces  with  pdmer  within  4  hours  after  surface  preparation. 


Primer  AppllcatiM _ _  _  _ 

Advantages 

Priming  of  bonding  surfaoes  offers  two  distinct  advantages:  (i )  Priming  Insures  complete  wetting  of  metal  surfaces  whicfi 
normally  results  In  superior  environmental  and  low  temparafura  properties,  and  (2)  Priming  simplifies  production  by 
protecting  deanad  parts  until  bonding  can  ba  oomplelad.  £01600  has  bean  applied  successfully  by  flow  coating,  brushing 
and  spraying. 

Caution;  EC-IOdO  Is  flammabla.  Sea  the  EC-1660  Product  Specification  Sheet  for  application  techniques  and 
prscautlonsry  messurss. 

Primer  Dry 

A  primer  dry  which  will  result  In  a  tolvant  free  coating  is  gensraiiy  satisfactory.  Drying  temperaturos  above  300*F.  should  bo 
avoktsd,  since  a  primer  overcure  will  hinder  the  wetting  adlon  of  the  adhesive  flim  to  the  primer.  Suggested  EC-teSO  Dry 
Cycle; 

Air  Dry  30  mlnutee  at  76  a  5*F. 

Foroa  Dry  Circulating  air  oven  with  pan  above  200*F.  but  not  exceeding  250*F.  for  SO  minutes. 

Film  Applloetlen 

1 .  Cut  portion  of  film  to  be  used  from  roll  with  protective  liner  In  place. 

2.  Plaoe  flim  on  metal  using  the  iinar  m  s  protsctivs  cover. 

3.  Roll  film  Into  position  with  a  mbbsr  roller  Insuring  titat  no  air  is  trapped  between  primer  and  Him. 

4.  Remove  protediva  liner. 

6.  Aseemde  parte  and  cure. 
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CURE  PRESSURE  (PSi) 


Application  (cont.) 


Cleanup 

Excess  primer  and  equipmertt  may  be  cleaned  up,  prior  to  curing,  with  ketone*  type  solvents. 

*Note:  When  using  solvents  for  cleanup,  extinguish  all  sources  of  ignition  in  the  area  and  observe  proper  precautionary 
measures  for  handling  such  materials. 

Cure  Cycle _ _ 

Oeneral  Cure  Requirements 

Time,  temperature  and  pressure  determine  the  final  bond  properties  and  may  be  effected  by  the  type  of  curing  equipment 
used  for  each  specific  application.  In  general,  the  cure  properties  of  AP-32  are  as  follows: 

Tbck,  Row  and  Cura  Initiation  Temperatures 

The  tack,  flow  and  cure  Initiation  temperatures  for  AP-32  are  a  time  temperature  relationship  and  depend  upon  the  rate  of 
heat  input.  Normally,  AP-32  will  have  the  following  properties: 

Tack  Temperature:  160-180“P. 

Plow  Temperature:  160-220*P. 

Cure  Initiation  Temp.:  220-270*F 

Cure  Pressure 

Pressure  is  required  during  cure  to  form  the  part  being  bonded  and  contain  any  volatiles  given  off  by  the  adhesive.  Cure 
pressure  may  be  applied  in  any  manner  which  will  Insure  uniform  constant  pressure  throughout  the  bond  area.  Pressure 
must  be  unitormly  spplled  Pe/tore  ths  curing  reaction  begins  and  maintained  until  a  complete  set  has  been  effected,  (i.e., 
the  bond  iine  temperature  has  reached  approximately  SOCTF.)  After  this  point  Is  reached,  the  cure  may  be  completed 
without  pressure  if  the  hot  strength  of  the  adhesive  is  sufficient  to  maintain  contact  of  the  parts  being  borxled. 

The  pressure  required  to  contain  volatiles  is  dependent  on  the  rate  at  which  bond  line  temperature  is  brought  to  the  cure 
temperature.  The  bond  line  temperature  rise  rate  for  AF-32  can  be  varied  from  1*P.  to  SOOTyminute.  Rise  rate  (and  cure 
pressure  required)  will  depend  on  application,  cure  temperature,  bonding  equipment,  method  of  heat  application, 
production  limitations  and  bond  properties  required. 


Figure  1  depicts  typical  pressures  required  for  various  bond  line  temperature  rise  rates  in  platen  presses. 

CURE  PRESSURE  vs  BOND  LINE  TEMPERATURE  RISE  RATE  IN  PLATEN  PRESSES 


32S 


Application  (cont.) 


CuwTwnpfituf 

The  cure  temperature  may  be  varied  from  250Y.  to  4S0*F..  deperxling  on  the  materiala  being  bonded,  equipment  avaiiable 
and  bond  propertiea  desired.  The  desired  pressure  must  be  applied  before  the  glue  line  reaches  1 60*F.  The  film  will  soften 
as  temperature  is  increased  to  180*21 0*F.  and  will  wet  the  surface  to  which  it  has  been  applied.  Achemical  cure  will  be 
initiated  between  200  and  270*F.  and  a  low  strength  gel  formed.  Continued  heating  chemically  converts  this  gel  into  a  high 
strength,  solvent  resistant  bond.  AF*32  will  change  color  only  slightly  upon  application  of  heat.  Edges  of  the  bond  which 
are  exposed  to  air  will  change  from  yellow  to  rusty  brown. 

Cure  Time 

Cure  time  depends  on  the  cure  temperature  used,  methods  of  heat  application,  production  limitations  and  bond  properties 
required.  Sirrce  no  two  bonding  operatiorts  are  exactly  alike  it  is  suggested  that  a  few  simple  experiments  be  conducted, 
varying  both  temperature  and  cure  time  to  determine  optimum  conditions  for  the  particular  application.  Figure  II  is  a  guide 
from  which  an  approximate  cure  cycle  can  be  taken  for  various  cure  times  or  temperatures. 

FIGURE  II 
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Application  (cont.) 


SuggMtad  Cur*  Cycle 

Th*  following  press  cure  cyd*  It  *ugs«st*d  to  obuin  dens*  gtu*  tin**  and  wM  u**d  to  obtain  th*  etrength*  reported  In  th* 
Test  Results  section  unless  otherwise  stated. 

1.  Apply  a  pressure  of  100  psi  prior  to  reaching  a  bond  line  te'nperatur*  of  lS0*f.  and  maintain  throughout  the  press  cure 
cycle. 

2.  Raise  the  bond  line  temperature  from  ambient  to  3S0*F.  at  a  rate  of  10*12*F.  per  minute. 

3.  Cure  for  120  ±  1  minute  at  350*F. 

4.  Cool  to  below  200*F  bond  line  temperature  prior  to  release  of  pressure.  (In  laboratory  testa,  panels  have  been  removed 
at  3S0*F  with  no  adverse  effects.) 


Storage  and  Handling: 

Storage  at  40  ±  S*F  is  suggested  for  AF-32  (film)  and  6C-1600  (prfmer)  to  obtain  maximum  shelf  Ufa.  Rotate  stooh  on  a 
first  In-first  out*  basis.  Caution — AF>32  should  be  permitted  to  warm  to  room  temperature  (76  t  6*F.)  before  being  used 
to  prevent  moisture  condensation. 


Precautionary  Information: 

See  Material  Safety  Data  Sheet  for  preeautlona  during  use. 


Important  Notice  to  Purchaser: 

All  sutementa,  technical  information  and  recommendationa  contained  herein  are  baaed  on  tecta  we  beUeva  to  be  reliable, 
but  the  accuracy  or  completeness  thereof  It  not  guaranteed,  and  the  following  la  made  m  Neu  of  all  warranUea,  express  or 
Implied; 

Seller's  and  manufacturer's  only  obligation  shail  be  to  replace  such  quantity  of  ihe  product  proved  to  be  defeotivt.  Neither 
seller  nor  manufacturer  shall  be  liable  for  any  ln|ury,  loss  or  damage,  dirsoi  or  oonsequential,  arising  out  of  the  use  of  or  the 
Inability  to  use  the  product.  Before  using,  user  shall  determine  Ihe  suNablllty  of  the  produol  for  his  Intended  use,  and  user 
assumes  all  risk  and  liability  whatsoever  In  connection  therewith. 

No  statement  or  recommendation  not  contained  herein  shail  have  any  foroe  or  effect  unless  m  an  agreement  signed  by 
officers  of  seller  and  manufacturer, 
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The  Aircraft  Finishing 
System  with  the  "Wet  Look” 
That  Lasts 


Introduction 


This  booklet  is  intended  os  o  guide  for  the  professional 
applicator  and  for  those  possessing  the  basic  knowledge  of 
materials  and  the  skills  required  for  aircraft  painting. 

It  will  olso  be  useful  to  aircraft  owners  to  acquaint  them  with 
the  requirements  of  proper  aircraft  finishing  and  to  aid  them 
in  selecting  and  specifying  the  best  finish  for  their  plane. 
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IMRON*  Offers  You: _ 

1 .  A  hard  finish  that  keeps  a  just-painted  "wet  look"  up  to 
20  to  40  percent  longer  than  its  nearest  competitor. 

2.  Superior  flexibility  for  great  chip  resistance. 

3.  Excellent  gloss  and  chemical  resistance. 

4.  A  slick  surface  that  shrugs  off  most  dust,  dirt  ond  grime. 

5.  A  choice  of  more  than  2,100  colors. 

6.  Ease  of  application;  Just  add  activator,  stir  well 
and  spray. 

7.  No  reducers  or  thinners  are  required  for  normal 
application,  however,  a  reducer  and  a  retarder  are 
available  if  desired. 

8.  Short  dry-to-tape  time — two  to  three  hours  with  189S 
Accelerator. 

9.  Pot  life  of  eight  hours  under  normal  conditions. 


Products 


Du  Pont  mokes  a  complete  line  of  materials  to  provide  o 
top-quality  finish  for  aircraft. 

IMRON*  Polyurethane  Enamel  Aircroft  Finish 

IMRON  192S  Activator 

IMRON  189S  Dry  Time  Accelerator 

IMRON  2S9S  Paint  Additive  (for  control  of  fisheyes 
and  cratering) 

S485S  Reducer 

8100S  Retarder 

CORLAR*  Epoxy  Primer  824S  Light  Cray  or  8255  Red  Oxide 

CORLAR*  8265  Activator 

VARIPRIME615S  Primer 

VARIPRIME  6165  Convertor 

36025  Thinner 

38125  or  38325  Reducer/Cleaner 
39195  or  39295  PREPSOL*  Solvent/Cleaner 
224S  Steel  Conversion  Coating 
225S  Aluminum  Metal  Cleaner 


226S  Aluminum  Conversion  Coating 

227S  Galvanized  Iron  and  Zinc  Conversion  Coating 

5662S  Point  Remover 

These  products  are  readily  available  through  a  large  nationwide 
network  of  jobbers.  In  oddition,  there  is  a  complete  line  of  Ou  Pont 
automotive  refinish  products  available  through  these  outlets. 

For  the  name  of  your  local  jobber,  call  the  nearest  Ou  Pont  Service 
Center  listed  on  the  back  cover  of  this  booklet. 

For  the  nome  of  the  nearest  applicator  of  Ou  Pont  Aircraft  Fin¬ 
ishes,  see  our  listing  under  Services-Painting  in  the  AVIATION 
BUYER'S  DIREaORY. 


General  Information 


IMRON  polyurethane  enamel  is  a  superior  finish  for  oircrofl.  It 
provides  outstanding  appearance,  excellent  chemical  resistance 
and  superior  durability.  (See  graph  on  page  6).  However,  in  order 
to  perform  properly,  it  must  have  a  well-prepared  base.  Carefully 
follow  the  lecommendations  of  this  booklet  for  the  substrate  on 
which  you  are  working. 

Strip  the  Plane 

Besides  adding  unwanted  extra  weight  to  on  aircraft,  excessive 
paint  thickness  on  metal  or  fiberglass  can  cause  the  finish  to  crock. 
Don't  paint  over  the  old  finish  even  if  it's  the  original  one.  (A 
three-color  repaint  can  build  up  to  twelve  coats  of  paint  in  some 
areas.  This  can  result  in  cracking,  a  disappointed  owner  and  the 
need  to  repaint). 

Avoid  Filiform  Corrosion 

Filiform  corrosion  is  a  line  of  corrosion  between  the  aluminum  skin 
of  the  aircraft  and  the  paint  film.  It  involves  an  inorganic  chemical 
salt  and  can  be  triggered  by  high  humidity  (65%  or  more)  or  by 
nr<»tropolitan  area  or  industrial  air  pollution. 

Filiform  corrosion  can  ruin  an  otherwise  beautiful  paint  job.  Guord 
against  filiform  corrosion  ond  normal  oxidotion  by  using  the 
proper  Ou  Pont  metal  treatment  anchor  conversion  coating. 

Safety 

When  using  the  products  recommended  in  this  booklet,  read  all 
product  labels  carefully  and  observe  the  warnings  given  thereon. 
Observe  OSHA  requirements  and  wear  safety  goggles,  protective 
clothing,  gloves  and  respirator  as  specified  on  thelobi 
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Many  of  these  products  ore  extremely  flammable.  The  vapors  moy 
cause  o  flesh  fire.  Keep  away  from  heat,  sparks  and  open  flame. 

Some  products  contain  aliphatic  polyisocyanotes  and  most  contain 
a  variety  of  solvents.  The  vapors  and  spray  mist  are  harmful  if 
inhaled.  They  may  irritate  skin  and  eyes  and  are  harmful  or  fatal  if 
swallowed.  Read  label  warnings  and  follow  all  precautions. 

First  aid  treatment  is  given  on  each  label  and  may  be  different  for 
different  products.  If  necessary  to  odminister  first  aid  be  sure  to 
follow  the  directions  given  on  the  label  of  the  product  in  use.  If  any 
product  is  swallowed,  coll  a  physician  immediately. 


Overall  Reflnlshing 


tn  order  to  assure  complete  coverage  and  avoid  bare  spots  or 
'ting,  all  control  surfaces  should  be  removed  ond  stripped  and 
I  ..  itedseparotely.  When  repainted,  the  control  surfaces  should  be 
•  nstolled  ond  balanced  according  to  appropriate  procedures  set 
forth  in  Federol  Aviotion  Administrotion  Regulations. 


Metal 

Surface  Preparation 

Mask  off  all  bond  joints,  ossembly  seams,  fibergloss  ond  plastic 
parts  with  oluminum  tope.  Mask  all  window  areos  with  aluminum 
tope  ond  aluminum  foil.  Be  sure  masking  is  tightly  sealed  to  prevent 
vapor  penetration.  Some  solvents  in  stripper  or  cleaners  can  cause 
clouding  or  crazing  of  ocrylic  glazing. 

Remove  old  finish  with  OuPont  S662S  Paint  Remover  or  a 
commercial-grade  aircraft  stripper. 

Rinse  thoroughly  with  water.  Remove  tope  and  foil.  After  the  skin 
hos  dried,  solvent  wipe  with  Du  Pont  361 3S  Lacquer  Thinner. 

Clean  and  condition  metal  surfaces  with  the  proper  cleoner  (listed 
at  right)  according  to  label  directions.  Follow  with  on  application  of 
the  proper  conversion  coating,  ogoin  following  label  directions. 

Apply  primer  os  soon  as  possible  after  preparing  the  surfoce,  but 
first  thoroughly  inspect  the  areas  where  conversion  coating  can 
collect.  Examine  to  determine  thot  the  areas  are  dry.  Exposure  of 
unprimed  metal  to  moisture  in  the  air,  even  ofter  metal  treatment, 
con  cause  adhesion  problems  when  painted. 

Undercoat  Application 

The  service  and  conditions  of  use  encountered  by  aircraft  require 
maximum  adhesion  of  the  finish  to  the  aircraft  surface.  For  this 
reason  we  recommend  either  Corlar*  Epoxy  Primer  or  Variprime* 
Primer  for  overall  refinishing. 

For  oluminum,  magnesium  or  fiberglass  surfaces,  Corlor*  or  Veri- 
prime*  may  be  used.  For  steel  surfaces  we  recommend  Corlat*  825S 
Red  Oxide  or  Variprime*  applied  according  to  lobel  directions. 
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CORLAR*  is  a  two  package  system  requiring  that  826S  Activator  be 
mixed  with  824S  or  825S  Epoxy  Primer.  Care  must  be  taken  to 
assure  thorough  mixing  of  the  two  components.  Mechanical  agita¬ 
tion  is  suggested.  If  the  activator  and  primer  are  not  thoroughly 
mixed,  unoctivoted  primer  may  be  applied  to  the  surface.  This  can 
cause  blushing,  lifting,  poor  adhesion,  or  other  problems. 

After  adding  octivator,  thin  to  correct  viscosity  with  up  to  35%  3602S 
thinner.  Viscosity  should  be  20-23  seconds  with  Du  Pont  Viscosity 
Cup  or  #2  Zohn  Cup.  Before  spraying,  allow  the  mix  to  induct  at 
least  one  hour  ot  70®F.  or  above,  two  hours  at  55-70®F.  Do  not  spray 
CORLAR  if  temperature  is  SS^F.  or  less.  Use  mixed  material  within 
three  days  (at  70®F.). 

Prime  entire  surface  to  be  painted  with  CORLAR  epoxy  primer. 
Spray  ane  full  wet  coat. 

At  normal  temperature  and  film  build,  allow  primer  to  dry  at  leost 
four  hours  before  topcoating.  Lower  temperatures  or  high  film 
build  will  require  longer  dry  time.  Sond  lightly  ond  wipe  with  3812S 
or  3832S. 

Variprime*  is  also  a  two  component  prim  ii.  The  eosy-to-mix  prod¬ 
uct  is  ready  to  spray  without  an  induction  p.';iriod.  8100S  may  be 
used  as  a  retarder.  Optimum  viscosity  is  17-19  seconds  with  the 
Du  Pont  M-50  Viscosity  Cup  or  #2  Zahn  Cup.  Pot  life  of  the  mixed 
material  is  3-4  days. 

Prime  entire  surface  to  be  painted  with  Variprime*.  Spray  one  full 
wet  coot.  Voriprime*  is  o  non-sanding  primer  if  topcoated  within  24 
hours.  If  sandino  is  necessary,  allow  a  minimum  of  one  hour  dry  at 
ZfT’F.  Sand  lightly  and  wipe  with  381 2S  or  3832S. 

A  special  note:  Over  most  substrotes  Variprime*  is  celf-etching,  but 
for  aircroft  usage  we  recommend  both  cleaning  and  conditioning 
the  metal  surfaces  to  ensure  maximum  adhesian. 


Topcoat  Application 

Mixing:  Stir  thoroughly.  Mix  three  ports  IMRON  with  one  port  192S 
Activator.  Mix  thoroughly.  To  obtain  faster  tape-free  time,  faster 
cure  and  easier  hondling,  we 
recommend  the  use  of  189S 


Accelerator  (4  ounces  per 
gallon).  Mix  no  more  mate¬ 
rial  than  will  be  used  in  on 
eight-hour  period.  Pol  life  of 
mixture  is  eight  hours  ot  70°F. 
Following  mixing,  strain  mo- 
terial.  Spray  viscosity  should 
be  18-22  seconds  (DuPont 
Viscosity  Cup  or  #2  Zohn 
Cup).  It  desired,  material 
may  be  further  reduced  with 
DuPont  8485S  Reducer  or 
8100S  Relcrder.  This  will  help 
to  eliminate  dry  overspray  in 
hot  weother.  Check  viscosity 
every  four  hours  and  reduce 
if  necessary. 


METAL 

Aluminum  or  anodized  aluminum 
Magnesium 

Steel 

Zinc,  Golvonized  Metol, 

Brass,  Bronze,  Copper,  Nid^l_ 

Stainless  Steel,  Iron 

Chrome,  Tin 


CLEAN  WITH  CONDITION  WITH 


225S 

3812S  or 
3832S 

381 2S  or3832S 
l^n5717S 

3812Sor3'832S 

the^ZI^S  _ 

3812Sor383'2S 
sand,  then 
5^7S 

3812Sor3832S 


226S 

226Swith5 
parts  water 

224S 

227S 

224S 

225S 


Dust  and  tack  wipe  surface 
before  sproyir.g. 
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IMRON*... 
The  Look  of 
Leadership 

See  for  yourself  how 
IMROM*  polyurethane 
enamel  compares  with 
competitive  urethanes. 


AppIkoHoft  of  Solid  Colors 

With  siphon  equipment,  use  SO  pounds  pressure  at  the  gun.  Sproy  o 
medium  first  coot.  Allow  to  tack  up  and  follow  with  full  secono  coot. 

With  pressure  pot  equipment,  use  65*70  pounds  pressure  ot  the  gun 
and  o  fluid  delivery  rote  of  12*20  ounces  per  minute. 

With  airless  sproy  equipment,  use  o  tip  with  o  ,009”*.013*  orifice  ond 
1,000*1,400  pounds  pressure. 

Application  of  Metoliics 

With  siphon  equipment,  use  65  pounds  pressure  and  apply  o  light 
medium  coot  os  a  tock  coot.  Allow  to  set  up  20  minutes,  tnen  opply  o 
second  light  medium  coot.  Further  reduce  15%  with  8485S  (17*18 
seconds  Ou  Pont  Viscosity  Cup  or  #2  Zohn  Cup)  and  apply  a  third 
light  medium  coot.  If  desired,  another  light  medium  coot  of  the 
reduced  material  may  be  useo.  Metoliics  con  be  cleor  coated  with 
500S  IMRON*  Clear  if  desired. 

With  pressure  pot  equipment,  use  65*75  pounds  ot  the  gun  and  a 
fluid  delivery  rote  of  8*i4  ounces  per  minute. 

Recooting,  Two*Toning,  Striping,  Lettering  and  Oecalcemonia 
Recoating  con  be  done  at  any  stage  of  dry.  Two-tonlng,  striping, 
lettering  or  decols  may  be  opplied  when  tape*free  (see  pg.  9).  For 
films  cured  over  72  hours,  scuffsond  before  recooting,  striping, 
lettering  or  applying  decals.  Oo  not  scuff'Sond  metoliics  when  cleor 
cooling  with  ^S.  (Follow  label  directions.) 


IMRON  Urethane  A  Urethane  8  Urethane  C  Un  ii. 


Top«*Fr««  Tim* 

At  77*F.,  30%  rtlotiv*  humidity,  IMRON  will  dry  tap«>iro*  in  2*4 
houri  whan  189S  Acealarotor  ii  uMd  (4  ozygal.).  Without  occal* 
trotor,  topa-ira*  tima  ii  6*10  hours.  If  tamparotura  is  balow  77*F., 
ovarnight  dry  is  racommandad. 

FIthayai 

Usa  259S  Point  Additiva  ('/« to  1  ozsygol.)  in  coia  of  fiihayat.  Do  not 
usa  FEE. 

Perea  Orylng 

Although  IMkON  without  odditivat  may  ba  forca  driad  up  to  250*F., 
tha  tamparotura  should  not  axcaad  1S0*F.  for  oircroft. 

Claanvp 

Claon  up  aquipmant  promptly  with  Ou  Pont  locquar  thinnar  or  8483S 
Raducar.  00  NOT  LEAVE  MIXED  MATERIAL  IN  EQUIPMENT. 


Fibarglatf- 

Relnforoad 

Polyaitar 

tvrfflca  Prapqrafion 

Wash  eld  flr>lsh  with  loop 
and  wotar  and  claon  wttn 
PRBP801.  Ramova  old  finish 
cemplataly  by  londirtg  ond 
wipa  with  38I2S  or  38328  to 
ramova  landing  dull.  Oo  not 
usa  praporad  point  itrippari  to 
ramova  tha  eld  finish.  Thay  will 
ottoek  ond  loftan  tha  plostic.  It 
ii  not  nacasiory  to  prima  poly* 
altar  If  tha  gal  coot  ii  not  po* 
rous,  Apply  tha  firil  coot  of 
IMRON  immadiotaly. 

Wood  or  rigid  plastics  othar 
thon  fibarglosi*rainforcad 
pelyaslar  moy  ba  traotad  in  tha 
soma  woy,  aacapt  do  not  wosh 
wood  or  porous  plostics  with 
soap  ond  wotar. 

Topcoat  Application 

Follow  tha  soma  procadura  oi 
racommandad  for  matol  lur* 
focal  (page  /). 


*lhop  Photos  Courfoiy  AIRCRAFT  RIFINI8HiR8,  Middletown,  01 
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Fabric 

Ou  Pont  has  conducted  no  tests  and  has  no  data  on  the  performance 
of  IMRON  when  applied  to  fabric. 

IMRON  cannot  be  applied  to  undoped  fabric.  However,  we  ore 
aware  of  cases  in  which  IMRON  applied  to  properly  doped  fabric 
hos  performed  satisfactorily. 

The  procedure  used  for  Grode  "A"  Cotton  or  Irish  Linen  has  been 
as  follows: 

After  the  fabric  has  been  shrunk  with  distilled  water  and  thoroughly 
dried,  apply  three  brush  coats  of  nitrote  dope. 

Add  3-3’/a  ounces  of  aluminum  paste  to  each  gallon  of  butyrate 
dope  and  apply  five  wet  spray  coats.  Dry  after  each  coat  and  scuff 
sand  with  360  grit  sandpaper. 

Activate  IMRON  500S  Clear  polyurethane  enamel  with  192S  Ac¬ 
tivator  occording  to  label  directions.  Then,  with  strong  agitation, 
odd  12-14  ounces  of  aluminum  paste  per  gallon  of  IMRON.  Spray 
one  full  wet  coat  and  allow  to  dry  overnight. 

NOTE:  This  first  coat  of  IMRON  must  be  opplied  after  the  lost 
butyrate  coot  has  dried  at  least  16  hours  but  no  more  than  96  hours. 

Scuff  sand  with  360  grit  sandpaper  and  proceed  with  topcoat 
application  as  described  on  page  7. 

Synthetic  fobrics  may  be  topcoated  with  IMRON  in  the  same  way 
ofter  using  the  recommended  dope  system.  Again,  be  sure  the  first 
coot  of  IMRON  (500S  Clear  with  aluminum)  is  applied  after  the  lost 
butyrate  coot  has  dried  at  least  1 6  hours  but  not  more  then  96  hours. 

We  must  emphasize  that  because  of  our  lock  of  experience  with  this 
system,  DuPont  cannot  recommend  this  procedure.  The  use  of 
IMRON  on  fabric  surfoces  is  the  responsibility  of  the  owner  and 
applicator  and  is  done  strictly  at  their  own  risk. 


^nel  Impair 


In  spot  or  panel  refinishing,  always  be  sure  that  masking  is  suffi¬ 
cient  to  protect  all  other  areos  ot  the  plone  from  overspray.  It  is 
good  practice  to  drope  the  whole  plane  except  for  the  panel  being 
refinished. 

Surfoce  Preparation 

Wosh  entire  ponel  to  be  pointed  with  soop  and  water,  then  wipe 
with  PREPSOL*  solvent  to  remove  all  traces  of  wax,  polish,  grease 
and  silicones. 

Wipe  off  with  a  clean  cloth  before  PREPSOL  has  a  chance  to  dry. 
Change  cloths  frequently. 

Sand  oreo  to  be  finished  with  #400  grit  poper. 

Treot  bare  metal  with  proper  DuPont  Cleoner  and  Conversion 
Coating  os  for  surface  preparation  of  metal  for  overall  repainting 
(see  table  on  pages  4  i  5). 
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Undsrcoot  Application 

Prime  bare  metal  with  CORLAR  epoxy  primer  or  VARIPRIME 
enamel  primer  following  recommendations  under  Overoll  Re¬ 
finishing. 

Topcoat  Application 

Mask  off  adjacent  areas.  Spray  medium  first  coat.  Allow  to  tack  up 
and  follow  with  a  second  coot. 

Follow  mixing  and  spraying  recommendations  on  page  5. 


Cautions 


Rodomes 

Do  not  use  metallic  paint  on  radomes.  It  contains  aluminum  flake 
which  will  distort  or  destroy  the  rodor/radio  signal. 

Effect  of  Color  and  Heat  on  Fiberglass 

Darker  colors  absorb  heat  to  a  much  greater  extent  than  lighter 
ones.  Aircraft  pointed  darker  colors  may  reach  temperatures  suffi¬ 
ciently  high  to  cause  damage  to  structural  plastic  ports  if  used.  Ifiis 
must  oe  taken  into  consideration  when  choosing  colors  for  planes 
with  fiberglass  airframes.  For  detailed  information  and  a  graph 
relating  ambient  air  temperature  to  peak  surface  temperature  for 
various  colors,  write  Do  Pont  Company,  Room  B-S256,  Wilmington, 
DE  19898. 

"Skydrol  Resistance" 

Many  jet  airframe  manufacturers  reauire  a  finish  to  meet  a  test  for 
resistance  to  Skydrol  Hydraulic  Fluid. 

The  test,  titled  "Fluid  Resistance"  in  Boeing  Specifications  colls  for 
immersing  a  painted  panel  in  Skydrol  for  30  days.  The  finish  must 
exhibit  no  blistering,  wrinkling  or  other  visible  defects,  except  slight 
discoloration.  Pencil  hardness  after  this  period  must  be  a  minimum 
of  HB,  which  means  that  the  finish  must  be  able  to  withstand  pres¬ 
sure  from  o  drowing  pencil  of  medium  hardness. 

Most  finishes  are  not  formulated  to  withstand  a  30-day  exposure  to 
this  hydraulic  fluid.  However,  it  should  be  noted  that  in  laboratory 
tests  the  IMRON  system  (225S  Aluminum  Metal  Cleaner,  226S  Alu¬ 
minum  Conversion  Coating,  CORLAR*  epoxy  primer  and  IMRON 
with  189S  Accelerator)  exhibited  no  blistering,  wrinkling  or  other 
visible  film  defects.  Slight  loss  of  pencil  hardness  is  noted. 

The  vast  majority  of  oircroft  do  not  require  or  use  "Skydrol".  Thus, 
strict  compliance  to  the  Boeing  test  may  or  may  not  be  important  to 
your  own  particular  use  of  IMRON. 
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May  We  Help  You? 


There's  c  convenient  Du  Pont  Service  Center  that  will  gladly  provide  color  information 
and  technical  service  as  well  as  provide  you  the  name  of  your  neOrest  Du  Pont  Aircroft 
Finishes  jobber. 

Call  or  write  the  Ou  Pont  Service  Center  nearest  you: 


NORTHEAST  REGION 

BALTIMORE,  MO  21218 

400  East  29ll«StrMl 
301-235^78 

WILMINGTON  (BOSTON), 

jyiAAIAA? 

One  Cornell  Ploce,  P.O.  Box  483 
417-458-9140 

SPRINGFIELD  (NEWARK),  NJ  07081 
15  Stem  Avenue,  P.O.  Bex  88 
201474-5151 

PHILADELPHIA,  PA  19124 
4242  Whitoker  Avenue 
215-425-4300 

SOUTHEAST  REGION 

ATLANTA,  GA  30325 
1737  Ellsworth  Ind.  Or.,  N.W. 

P.O.  Box  19714 
404-355-1235 

CHARLOTTE,  NC  28208 

2801  Interstate  Street,  PO.  Box  8748 

704-394-4354 

JACKSONVILLE,  FL  32217 

8301  Western  Woy,  PO.  Box  23100 

904-737-2323 

HARAHAN  (NEW  ORLEANS), 

LA  70183 

401  Edwards  Avenue 

PO.  Box  23545,  Horohon  Branch 
504-733-7530 

CENTRAL  REGION 

MORTON  GROVE  (CHICAGO), 

IL  40053 

7828  N.  Merrimoc  Avenue 
312-945-4580 


INDIANAPOLIS,  IN  44202 
1825  W.  18lh  Street 
317-434-4295 

MINNEAPOLIS,  MN  55435 
5251  West  74lh  Street 
412-835-5488 

MARYLAND  HGTS.  (ST.  LOUIS), 
MO  43043 

11708  Northline  Industriol  Blvd. 
314-547-1155 

CLEVELAND  REGION 

BUFFALO,  NY  14225 
1494  Wolden  Avenue 
714-894-7979 

GARFIELD  HGTS.  (CLEVELAND), 
OH  44125 

9200  Midwest  Avenue 
214-587-4155 

COLUMBUS,  OH  43215 
1450  Dublin  Rood 
414-484-7191 

DETROIT,  Ml  48234 
19930  Coniter  Avenue 
313-344-8800 

PITTSBURGH,  PA  15205 
2222  Noblestown  Rood 
412-921-9190 

SOUTHWEST  REGION 

DALLAS,  1X75247 
8510  Amkrossodor  Row 
P.O.Box  470188 
214-437-1500 


HOUSTON,  1X77055 
8125  Kempivood  Drive 
P.O.  Box  5^ 

713-441-5450 

KANllLS  CITY,  MO  44141 
4015  Manchester  TrotBcway 
P.O.  Box  478 
814-343-4410 

OKIAHOA4A  CITY,  OK  73105 
37  N.E.31SI  Street 
PO.  Box  53485 
405-521-1444 

WEST  REGION 

DENVER,  CO  80239 
1 1000  E.  53rd  Avenue 
P.O.  Box  39837 
303-373-5513 

SALTlAKECnY 

(BR.  OF  DENVER),  UT  841 19 

675  W.  2400  South 

801-972-1434 

LOS  ANGELES,  CA  90022 
2000S.GoitieldAve., 

P.O.Box  22002 
213-723-8404 

PORTLAND,  OR  97202 
5510  S.E.  McLoughlin  Boulevord 
P.O.Box  02128 
503-332-4177 

HAYWARD  (SAN  FRANCISCO), 
CA  94540 

1809  Sabre  St.,  PO.  Box  3218 
415-783-0213 

HONOLULU,  HI  94819 
2929  Koopoko  Street 
808-834-2881 


E.  I.  OU  PONT  OE  NEMOURS  A  CO.  (INC.; 
REFINISH  SALES 

WILMINGTON,  DEUWARE 19898 
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Urethane  Resins  For 
High  Performance  Coatings 

Performance  Index 
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MULTRON  DESMOPHEN 


POLYOLS 


POLYISOCYANATES 


DESMODUR 


PROOUCr  N-75  N-7S1  N-100  N.3200  H4900 

SOUOS  EQ.WT  75  255  75  255  WO  W1  WO  101  100  10«  90  216 

SOLVENTS*  HOH/HNCO  1/1  WS  BA  155  220  212  215  1/1 A100/8A  194 
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PERFORMANCE  CODE 
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1  Th«  D«smodur  N  series  of  pofylsocyaneies  in  oombinetfon  with 
Desmophen  650  will  yield  costings  with  excollent  hardness  and 
flexibility,  chemical  and  solvent  resistance  and  gloss  retention 
on  outdoor  exposure.  Thia  combination  can  be  recommended 
for  all  applications  requiring  high  film  pertormanoe. 

2  The  properties  of  Desmophen  651  in  combination  with  the 
Oesmodur  N  series  of  polyisocyanates  will  be  similar  to  that 
of  Desmophen  650  but  will  yield  improved  gloss  retention  on 
outdoor  exposure 

3  The  properties  of  Desmophen  670  in  combination  with  the 
Oesmodur  N  aeries  of  pdylaocyanates  will  yield  coatings  that 
are  flexible  and  exhibit  excellent  weathering  propertlee  This 
combination  is  recommended  where  flexibiiity  Is  of  prime 
concern  including  plastics  (e  g..  RIM,  PUR-foam),  and  for  coil 
coating  primers  and  topcoats. 

4  Medium  weathering,  imermediate  hardness  and  moderate 
flexibility  Medium  solids. 

5  Not  compatible. 


Q  Not  commonly  used;  may  be  of  Interest  in  special  appUcations. 

7  General  Industrial,  hard,  chemical  resistant,  good  for 
higher  solids. 

0  Not  recommended:  very  hard  and  brittle. 

9  Mary  soft,  used  only  In  combination  with  other  resins  to  Improve 
fleKiblllty. 

10  A 160  In  combination  with  Oesmodur  N  products  yields  coat¬ 
ings  with  good  weathering,  chemical  and  oorroelon  resistance. 
Excellent  roll  and  brush  properties  for  maintenance,  new  con¬ 
struction,  marine  and  architectural  applications.  Very  short 
dust-free  time. 

11  Hard,  fleRlble  with  very  good  resistance  to  solvents,  chemicals 
and  weathering. 

12  Hard,  weather  resistant,  medium  flexibility,  fast  cure. 


13  General  topcoat  for  metal  and  plastics, 
good  chemical  resistance  (preferred  in 
other  polyesters). 


s.  Good  hardness  and 
in  combination  with 


SPECIALTY  PRODUCTS 


BLOCKED  ISOCYANATES 

AROMATIC  POLYISOCYANATES 

PRODUCT 

APPLICATIONS 

PRODUCT 

APPUCATIONS 

OeSMOOURB<.-12aCA 
•RMTMiic  btocM  ItocyvnMt 
60%tolida 
933tqulvtl>nt<intgN 

4A%NCO 

aoa^ra  bomA  ona  oomponara, 
baAing  anamala.  prknara  and  cMp 
laaMartcoatlnga:  non  Hghialabta 

OESMOOURE-21 

aromaUc  polyiaocyanaia  prapolymar 
10044  aoHda 

203  oquivatota  walghi 
IftOHNCO 

cofTQiion  tod 

rMMM  M  m  eomponini  mortiufv 
cwfng  fUMm  tor  prtmiii  and  imv' 
madUM  QoalK  adhMion  10 

aaa<,co<Ki^  and  wood;  <orc»o  com- 
ponam  coadnQi  lof  ant^conoa^on  and 
yndaiynjnd  appicaiiona 

oESMOounet-iiasA 
arenutle  btoctoid  iMcyaiMM 
8S%Mlidt 

1750  •quManl  uMighl 
24%NCO 

Mivani  bomak  ona  oomportan, 
baking  anamala,  prtmara  and  chip 
laaMani  oodingt:  non  Hghi  aiabla 

y 

M0N0URXP743 

aiontfdc  potyMocynnaM  prapolymar 
lOOHaoUda 

525  aquivalaia  waigM 

5044  NCO 

fladbliuar  tor  MOi  baaad  moiamra 
ouring  or  two  oomponara  ayaiama 

OESMOOURBL-3175 
•Hphadc  bioctvd  iMJcyafMi* 
7S%MUd* 

370  «)« rivaltnl  wvigM 

113MNC0 

Ilka  Oaan«odur  N;  lor  aotvara 
boma,  ona  oomponanL  baMng 
anamala:  00*  coadng.  amomoiha 
primac  Mghpartonnanoaiopooal 

MONDURCMO 
aromadc  polytoocyantoa  addud 
a044aoiida 

40a  aquNaiaia  waigia 

10444  NCO 

laat  drying  pnmara  and  topcoats: 
tor  maial.  piaaitc.  wood  and 
mlnaral  aubantoaa:  lor  Manor 

MONOURIL 

aromadc  polyMocyanaia  adduct 
5i44aollda 

625  aqulvalanl  waigia 

80HNCO 

aMtamaiy  laai  curing  two  com¬ 
ponara  ooadnga:  uaad  to  rnodify 
MONOURC840 

OESMOOURAPSTASIL 
aiomtfic  biocM  taocyaiM 
I00%wiid* 

300 (QuivilM  waigM 
MxmNCo 

poMdaraaailydlaaoMd;onaoom- 
ponam  aurfaoa  and  magnai  wka 
ooadng,  aoidarabla  lypa 

MONOURHL 

aUphadc/aiomadc  polyitocyanda 

6044aoiida 

400  aqulvalanl  wargia 

10344  NCO 

toai  curing  Mo  componaM 
ooadnga:  imprmad  ugM  liability 

OMT  odiar  aromatic  polyiaocyanaia 

OESMOOURCrSTABIL 
afOfiMiic  btockM  iaocyanaii 
iOO%wUdt 
3OO«qulvalanl««i0M 
UMkNCO 

powdar  aaany  diaaolMd;  fcir  uaa 
wKh  haai  raalatantiaophihaian 
polyaaaari:  ona  oomponara 
mai^  wka  ooadng 

MONOURCO 

modUlad  aromadc  dliaocyanaia 

10044  acUda 

143  aqulvalanl  waigM 

20344  NCO 

tortomiuiadon  ol  in-fflold  ooadnga 

OESMOCAPItA 
blodcMl  NCO  ttrmiMiid 
pnfiolynmt 

lOcmtolidt 

1750  aquiyaladi  walghi 
2A4«NCO 

IliKibiKtVf  lOf  VnlfW  CUTid 
room  lamparaluia  ladcUon  «flih 
ananaa:  Ngh  itna«a  atrangth  and 
alongaiion 

MONOURMR 

aromadc  polymanc  toocyanaia 

10044  aolida 

132  aquivalara  walgia 

32044  NCO 

high  aolida  coatinga  and  aaalaras 

OESMOCAP12 
btocM  NCO  iwmioiM 

flaUbiHzar  lor  amlna  curad  apadaa: 
OmMlvr  tor  Oaamocap  11A  tor- 
tiHdadona:  room  lamparatuia  raao- 

000  O^OiOOOa  E00009 

adangtfi  and  atongadon;  tor 
aaalataapplicailona 

prapotymar 

1004a  aoiida 

2471  aqutvatanlaaigM 
I.THNCO 

MONCXIRMRS 
aromadc  pdymarlc  laocyanala 

10044 aoNda 

132  aqulvalanl  waigM 

32044  NCO 

high  aolida  coaiinga  arid  aaalaraa 

POWDER  COATING  RESINS 

MONOURMRS5 
aromadc  potymartclaoeyanaia 
I0044aoiida 

130  aquIvaiaM  waigi* 

32444NCO 

aolvaniMaa  ooaiinga;  flooring 

CREONUI 

q^doaliptMilc  diitocyaiMM  addud 
366aquivalaniwaloM 

1134a  NCO 

ligia  aiabia.  ona  componara 
powidar  ooadnga  wNh  PUR 
pattormanoa 

ADDITIVES 

CfiELANUT 

cydoallpluiijc  diitocyanaii  adduct 

330  aquNatam  waighi 

1234a  NCO 

non  Hgra  aiBbla,  ona  oomponara 
powdar  ooai  aiga  wKh  PUR 
partormanoa 

HAROENEROE 
msdidina  iMM  utadwia 
croaaHntar 

i0044radC0va 

244  amkia  aquivalaM  vMighi: 

122  amlna  pliM  hydroRyl 
agutralaM  waigM 

raaeia  with  moMura:  btfuncdonai 
or  Wrahmcdonal:  thick  aactlon 
ooadnga  and  aaalaraa 

CRELANU602 
polyaatar  polyol 

1122  aqulvalanl  rwalgM 

13H0H 

powdar  ooadnga;  uaad  wan 

CRELAN  Ul  or  CRELAN  Ur 

AOOmVEOF 
alkyl  odhotormaia 

10044  raactiva 

molaiura  acavangar  In  ot«a  compo- 

CRELANU602MB^ 
potyaaiar  polyol  with  Dow  modiflaf 

1403  aquivaianl  wa<ol4 

1.24a  NOO 

powdar  ooadnga:  uaad  wMh 

CRELAN  Ul  or  CRELAN  UT 

ponton  ol  MO  componaM  coaling 

OE8MORAPIOPP 

WMaiy  amlna  catalyai 

10044  raaoilva 

caialyti  tor  aromatic  and  allphadc 
poiytoocyanaiaa 

MISCELLANEOUS 

ROSKYOAL  UNSATURATEO  POLYESTERS 
«vood  codinga;  UV  cuta  and  air  dry 
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BAireONO  POLYURETHANE  DISPERSIONS 

rigid  to  flaalbla:  ganaral  Induainal  ooadnga:  lagrtiia.  wiood.  papar.  and 
laaihar  ooadnga:  pcinUng  mia 

SOLUTION  COMPATIBILITY  OF  MOQAY  POLYOL  RESINS* 


POLYISOCYANATES 

POLYOLS 

'  DESMODUR 

MONOUR 

Z-4370 

7D  365 

1/1  PMA/Xy1eneli5 

Z-4730/2 

70  366 

A100  116 

HL 

60  400 

BA  Wfl 

tt. 

61  825 

BA  SO 

C840 

60  404 

S/SPMAh^leneiaA 

C»75 

78  323 

GA  13u0 

PNOOUCT 

SOUPS  EaWT 

SOLVENTS’  HOH/HNCO 

3  ] 

- - -  .  ■  - 

. 1 

^*_JL 


BflOA^ 

66 

6/1  PMA/Xyiifw 

327 

52 

1  BSIAdB 

66 

327 

6/1  PMA/Xylene 

52 

1  flTQAdO 

60 

466 

BA 

35 

15 

17 

18 


19 


21 


«oo 

KM  193 

M 


20 


1100 

20  I  100  ^ 


ci  \  •' ■■■  'i, 

"j 


17 


22 


1300-75 

22  1  75  5«7 

’  XylMM  30 


14  ^7  *ost  drying,  somotimes  usod  In  comtilnation  with  othar 
resins  to  improve  physical  drying. 

1 5  Wood  coatings,  fast  drying,  intermediate  weathering. 

16  Motal  and  wood  coatings,  non  light  stable,  high  chemical 
resistance  lor  maintenance,  fast  drying. 

17  Fast  drying  wood,  paper  and  toil  coatings,  intermediate 
in  weathenng. 

1 3  Wood  coalings,  last  drying. 

19  General  industrial  coalings,  non  light  stable,  high  chemical 
resistance  lor  maintenance. 


23  Wood  coatings,  last  drying. 

24  Flexible  root  posting;  non  light  stabla. 

25  ^  drying  topcoats  tor  ftoors,  medium  light  stability. 

26  ^•netmting  and  traditional  sealers  tor  porous  substrates, 
non  light  stabla,  not  vary  commonly  used. 

27  High  pertormanca  wood  coating,  pigmantsd  and  clear, 
medium  waatharing. 

28  C***'  topcoat  tor  floors,  interior.  General  Industrial  coating. 

29  General  purpose  Industrial  flniah.  Hard,  chemical  resistant. 


20  General  industrial  coatings,  chemical  resistance  plus  flexibility, 
non  light  stable. 

21  Metal  coatings,  wood  coatings,  non  light  stable,  high  chemical 
resistance  tor  maintenance. 

22  General  industrial  coatings,  hard,  flexible,  chemical  resistant, 
topcoats  plus  primers. 


LEGEND 


□ 


Ughi  Mbie  oosflng  oomomwkin. 
NonaghI  MHe  ooMIng  oomOinaion . 


NotrsoornnwndedoomtNnilion. 


*  SOLVENTS 

A-IOOa  AmmsiiclOO 
BA  >  BotylACMal* 

EA  ■ESiyIAoMIs 
PMA  -  Prepylen*  Qlyool  Mono- 
methyl  Esiw  AoMie 


OESMOPHEN  MUURON 


COMPATIBILITY  OF  FILMS  PREPARED  FROM  ISOCYANATES  AND  POLYOLS  AT  NCOrOH  «  1 

POLYISOCYANATES 


LEOCNO 

CompatibM,  oiMt  1  "  |  SNfflMly  h«y  HH  lnoo<np«tlbl« 


<7  «  too 

1« 


KM2oa(OMmaph«n.  MOpctyot 
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Health  and  Safety  Information 

Appropriate  Mtefaiure  has  been  assembled  which  provides  inionTiatlon  concerning  health  and  safety  precautions  that  must  be  et3e*ved 
when  tiarxlling  Mobay  products  mentioned  in  this  publicslion.  Ror  rnatsriais  rnsntioned  that  are  not  Mobay  producfe,  appropriais  Industrial 
hygiene  and  other  safety  precautions  leoonnrnended  by  thsir  marHifecturer  shouU  be  iolowed .  Before  woildng  wNh  any  product  rnsnlioned 
in  this  publcailon,  you  must  read  and  become  (amHiar  with  the  information  available  on  Hb  haiaids,  proper  use  artd  handling.  This  canr>ot 
be  overemphasized.  Intonnation  is  available  in  several  forms,  such  as  material  safety  data  sheets  and  product  labels.  Consuit  your  Mobay 

representative  or  contact  the  Industrial  Hygiene  and  Regulaiory  Compliance  Group  of  the  Coatings  Division. 


) 


Mobay  Corporation 

A  Bayer  usa  inc  co*(Ipanv 


Coatings  Division 

Mobay  Road  •  Pittaburgh.  PA  1S205-9741 « 412  777-2000 


OA:  84SSOiirw«ody  PI  .  Atlanta.  OA  30360-1306  •  404  sesesrr 

K.  9801  WHgginaRd.Suaa  703.  Roaamort,  11600164704  -  313  603-6640 

Ml:  1160  SMtinanaon  mtftmmf.  Tfey.  Mi  460S3-1I17  »  3i3  6966700 

HJ  nwMnPlazalll.Ediaon.  7009037-3606  •301339-1030 

CA:  4101  Waitatly  Pi..  8v4a  KTi.  NSwpon  BaacTi,  CA  03660-3366  «  714  633-2361 
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PRODUCT  SPECmCATION 


Coaling  Name: 

Fuel  Bladder  Coaiiog 

BaM  Componaol: 
Curing  Solution: 
Plow  Control  Component/Tliinner: 

921X008 

910X943 

Speeiflcaiioo: 

MM8  36S 

Color/Color  Number: 

While 

DtKHpilon;  Spr«x*bl*  Fu«t  Bladder  Coatlni 


FILM  PROPERTIM 


Oloii  60* : 

95 

Low  Tamp  Rex  : 

GOOD 

Oloai  IT : 

N/D 

Sarvlca  Tamp  Max  : 

250F 

Oioai  2(r ; 

N/D 

Service  Temp  Min  : 

•65F 

L*  : 

N/D 

Film  Hardnaaa : 

N/D 

a* : 

N/D 

Dry  to  Tape  : 

N/D 

b*  : 

N/D 

Dry  between  Coeti : 

1  hr 

Impact  Refiiianee  : 

5S004200pal  Tanclle  Dry  to  Topcoat : 

1  hr 

Flexibility  i 

4I0>520%  Elongation  Full  Cure  : 

7  Dayi,77 

P,  50%  RH 

EXPOSURE  DURABILmr 

Type  of  Bapoiure  : 

N/D 

Color,  A  E : 

N/D 

Time  of  Expofura  ; 

N/D 

FlaxibiLY : 

N/D 

OloM  Velua  60* ; 

N/D 

Impact  Reiiiianca  ; 

N/D 

Slrippablliiy : 
(with  Turco  5351) 

GOOD 

REhimNCt',  lu 

TEST  CONDITIONS 

Weiri  ;  OOOI) 

lime 

60.120  D  Tamp  :  160  F 

Prlmar 

:  N/A 

Skydi  KX)R 

lime 

30  D  Tamp  J  RT 

Primer 

:  N/A 

Tiiifpnii  ;  Htn  Appiicebic 

'i'inie 

Tamp  j 

Primer 

I'Afuliailoii ;  Nut  Applicable 

Time 

Prlmar 

Salt  Spray  :  Not  Applicable 

Tima 

j 

Prlmar 

PHYSICAL  CONfTA^rrf 

Wl/Oallon 

Wt  Solidi  Vol  %  Soiidf 

Raiiiiivity 

BaM  (B) ; 

1.62 

37.6 

N/D 

Curing  Solution  (C)  i 

1,69 

72.0  70.0 

N/D 

Plow  Control  (T) : 

N/A 

MUed  B  C  : 

1,65 

53.6 

MUfd  B  f  C  ♦  T  : 

N/A 

Dry  Film  Weight  : 

.00601 

#/»qti  at  1  mil 

'theoretical  Coverage  : 

659 

iqfi/gai  at  1  mil 

FUkii  I'ulnt.  1  ypa/VaJue  i 

TCC/23F 

Pol  Life  ; 

50  Min  ► 

COMPLIANCE  Compliance  Regulations: 


Voc(g/l) 

Solvent  Density 

Wt  %  Exempt 

Vol  %  Exempt 

Base  (B); 

539.2 

7.0 

0.0 

0.0 

Curing  Solution  (C): 
Flow  Control  (T): 

291.6 

N/A 

8.1 

0.0 

0.0 

Mixed  B  -f  C: 
Mixed  B  +  C  +  T: 

415.0 

N/A 

7.35 

0.0 

0.0 

SURFACE  PREPARATION 


MIXING 

Ratio  (by  Volume): 
Special  initnictions: 


Base  Curing  Solution  Flow  Controi/Thinner 

1.0  1.0 

Shake  the  pigmented  component  well  and  add  to  the  clear 
component.  Tensile  strengths  were  measured  on  alternate  black  and  white  films. 


VISCOSITY 


Method  : 
Value  : 


Base 

BF,#1,50 

150-190 


Mixed  Thinned  At  Pot  Life 

BF.#2,50 

290-300  cps 


APPLICATION 

Temperature  Range; 
Relative  Humidity  Range: 
Extreme  Conditions; 


FILM  THICKNESS 

7O-S0F  Per  Coat:  10  mil  MAX 

40-60% RH  Recommended  Total:  45-50  mil 


ACCELERATED  CURING  SCHEDULE 

Flash  Time  :  1  hr  Temperature:  75-80  Time; 

Revised:  Nov.  IS  1989  DR:  36254  AKC 

(Month/Year)  (Initials) 
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Product  Information 


4006-168 


COATING  NAMEt  CLEAR  BLADDER  COATING  BASE 

SPECIFICATION  NONE  COLOR 


MIXING! 

CODE  NUMBERS:  BASE  4086-168  ‘CTIVATOR  4O06-175A  THINNER 

MIXING  INSTRUCTIONS!  Mix  Base  with  Activawwi. 

NIXING  RATIO  Mix  100  ml  base  with  100  ml  aotlvator 

EQUIPMENT  CLEAN  UP  Use  MEK  POT  LIFE  30  olnutes  maxlouia 

APPLICATION! 

METHOD  Air  Spray 
APPLICATION  TEMP  Ambient 
THICKNESS  PER  COAT  6-7  mil 
FILM  THICKNESS:  MAX  10  mil 
TOUCH  UP  OR  RECOAT  PROCEDURE  Respray 

SUBSTRATE: 

TYPE  Aluminum  ur  Composite  CHEN  TREATMENT  Not  Necessary 

PRIMER  513X639  OTHER  NA 


EQUIPMENT  Conventional  Gun 
HUMIDITY  5056  RH 

DRY  TIME  BETWEEN  COATS  30-40  mil 
MIN  4  Dll 


CURING  SCHEDULE: 

NORMAL  SCHEDULE  I4  days  at  RT  A  5056  RH  ALTERNATE  CURE  48-72  hr  at  130  F 

DRY  TO  TAPE  2  hr  DRY  TO  TOPCOAT  1  hr  FULL  CURE  14  days  at  RT 

STORAGE: 

STORAGE  LIFE  6  months  STORAGE  CONDITIONS  RT  or  Below 

FLASK  POINT  -SETAFLASH-  22F  HAZARD-TOXICITY  INFO  see  MSDS 


PHYSICAL  CONSTANTS: 

HT/GAL 

HT/SOLIDS  VOL/SOLIDS 

PIGMENT 

BASE: 

7.7  +/-.2  lbs. 

38.0  +/-2  56 

32.0  56 

56 

ACTIVATOR: 

8.7  +/-.2  lbs. 

74.0  +/-2  56 

70.4  56 

THINNER: 

ADMIXED: 

8.2  +/-.2  lbs. 

57.1  V-S  56 

51.3  56 

VISCOSITY:  BASE 
DRY  FILM  HEIGHT 

.00571  #/8qft  9  1 

ADMIXED 

mil  theoretical 

COVERAGE  811 

sqft/gal  9  1mil 

COMPLIANCE  REGULATIONS 

voc  423  g/1 

calc. 

SPECIAL  FILM  PROPERTIES: 

SERVICE  TEMPERATURE:  MIN  -65F 
nLN  HARDNESS  NA 
IMPACT  RESISTANCE 
GLOSS:  60  DEGREE^ NA 


MAX  250-350 
FLEXIBILITY 

NSILE  COLOR  STANDARD 
85  DEGREES  NA 


NA 


20  DEGREES  NA 


OTHER  Spraying  of  more  than  lOmll  at  a  time  is  not  desirable 


RESISTANCE  PROPERTIES: 

WATER  NA  SKTDROL  NA 

HLIFORM  NA  WEATHERING  NA 

H OTHER  COMMENTS 

Excellence,  The  DeSoto  Commitment 


SALT  SPRAY  NA 
STRIPPER  NA 

DATE  9/29/88 


Any  lecnncdi  micKmaiion  p^esamed  hare*n  rs  ba$ao  on  genef  aHy  acceptad  anaJyfo*  and  lesrng  and  .s  boN  vpd  to  be  acc  jf  ate 

No  guarantee  o#  warranty  ot  any  nature  •$  eipressed  or  wnptied 


Uf 


For  high 

performance 

coatings 


N 

>W.-' 


fate  of  the  art  protection,  appearo'- 


f 


ana  ver 


satility 


Lumiflon  high  performance  fluoropolymer  resins  offer  superior  weotherobility  plus  the  choice  of  ombient 
or  high  temperature  curing.  Now  even  componerits  finished  on  site  con  enjoy  the  some  protection  as  factory 
coated  materials.  Furthermore,  the  unique  chemistry  of  Lomiflon  allows  toucn-up  with  the  same  durable  coat¬ 
ing  system  used  in  the  original  application.  No  seporote  or  inferior  touch-up  system  is  needed. 

Since  high  temperatures  ore  not  required  to  cure  Lumiflon,  long  term  protection  con  be  afforded  heot 
sensitive  substrates  such  as  plastic  film  and  FRP.  In  oddilion,  Lumiflon  provides  remarkable  protection  for  such 
conventionol  substrates  os  aluminum,  steel,  concrete-ond  oven  gloss. 


MOLECULAR  STRUCTURE  OF 
LUMIFLON  POLYMERS 


wtfotherabilily 

durobility 


solubility 

froniporaney 

gloss 

nordness 


flexibility 


crosslinkobility 

adhesion 


pioment  compotibility 
ojnesion 


COMPARISON  OF  LUMIFLON  COATINGS 
WITH  OTHER  WEATHER  RESISTANT  COATINGS 


1  urt*'llort 

«»vor 

Typ« 

SoluhO'' 

Curt 

rOO<Y>  O' 
l#m0Oro»ur^ 

FOOfn  Of  hiQh 
lOfnpOfQtwfo 

JOyto'i 

eCTgiou 

80- 

30 

so 

Slain  roMMnc* 

£iceli«nl 

Good 

OwoKol  mMMKK* 

Good 

EKellox' 

PoOf 

Good 

GooH 

Good 

S«cOo6sbil^ 

Ct<eli«At 

Foof 

EiCtU«nl 

PROPERTIES  OF  LUMIFLON  RESINS  IN 
COMPARISON  WITH  PVOF  &  ACRYLIC  RESINS 


Unlike  other  fluoropolymers.  Lumiflon  offers  the 
choice  of  low,  medium,  or  hioh  gloss  finishes  without 
sacrificing  performance.  Additionally,  Lumiflon  ollows 
o  brood  range  of  opplicotion  techniques  including 
spray,  brush,  dip,  roD,  or  coil  coating. 

Lumiflon  is  a  fluoropolymer  engineered  to  com¬ 
bine  the  weotherability  and  chemical  resistance  fea¬ 
tures  of  polyvinylidene  fluoride  (PVDFj  with  the  gloss, 
adhesion,  ond  ambient  cure  chorocteristics  of  ocrylics. 
It  offers  a  unique  set  of  properties  which  produces  the 
finest  architectural  coatings  and  meets  the  stringent 
requirements  of  mony  of  todoy's-ond  tomorrow's- 
specialty  applicotions. 


Tf 


■  Acrylia 
•  lumiflon 
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'fersotile  products  for  o 
variety  of  applications 

Architectural 

•roof  and  wall  materials 
•doors  ond  windows 
•decks,  handrails,  fences 
SfigfijflLty 

•plastic  films 
•aerospoce 

•solar  energy  hardware 
•fluorescent  and  incandescent  light  coatings 
•traffic  signs  and  fixtures 
•outdoor  plastic  structures 
Mointenonee 

•industrial  plants 
•marine  facilities 
•remote  structures 
Transpoiiotion 
•automotive 
•oircroft 
•ships 
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Lumiflon  resins  mean  superior 
weatherability 

Superior  to  QCivlics,  silicone  polyesters,  and  even  PVDF,  Lumiflon  based  coatings  provide  long  term  pro¬ 
tection  and  aesthetics. 

Both  cose  histories  ond  accelerated  weathering  date  indicate  that  Lumiflon  based  coatings  typically  have 
lifetimes  in  excess  of  20  years,  with  minimal  changes  in  oppeoronce. 


Lu/fuflon  bct&a  coohngt  us«d  on  rhis  subi^o%  to  from  the  chemicoi  onvironmenf  li/mi//on  wos  oUo  specr/<ed  for  its  ability  to  be 

touched  up  on  stfe 


OUTDOOR  EXPOSURE  ATOKINAWA 


Cooling  1 

&iponK«  rim«  (y«on) 

Colof 

RMtnSytt*^ 

EB7SSI 

4.5  Yoon 
%O.R.^AE 

1 - 

B'Own ■ 

LuwiHo" 

TOO/V-clomioP 

100 

20 

104 

2  1 

4  7 

B.Own' 

Pv)lyvir»ylidec»C 

HuO'-oc 

101 

20 

no 

27 

133 

28 

3.0-.- 

PolvOStC' 

25 

182' 

30 

1  7' 

34 

24' 

n  ■>wn 

Ptilvwii'Tl 

cl>ir>ii<ir 

/6 

4  5' 

i 

/2 

4  4; 

8V 

4  4‘ 

1 .  Aluminum  $wbttroi«  3.  PerctM  gloit  (6Cn 

3.  Goivortittd  ttt«l  tubttrot*  4  CKolkmg  obf<vd 


ACCELERATED  WEATHERING  IN 
XENON  ARC  WEATHER-OMETER 


Wnlh*r-on<*(*r  Expowra  (how'll 


EMMAOUA  WEATHERING  TEST 


ACCELERATED'WEATHERING  in  CARBON  ARC 
WEATHER-OMETER 


Lumiflon  coatings  hove  been  exposed  for  thou¬ 
sands  of  hours  in  accelerated  weathering  tests  and 
show  consistently  excellent  performonce.  After  4,000 
hours  of  Weolher-ometer*  testing,  Lumiflon  showed 
a  gloss  retention  of  90%  measured  ot  60°.  Even  ofter 
8,000  hours,  equivalent  to  over  30  years  of  natural 
exposure,  gloss  retention  remains  exceptional,  with 
no  significont  chalking  observed. 

Extensive  outdoor  testing  at  various  sites,  includ¬ 
ing  Florida  and  Okinawa,  shows  excellent  gloss  reten¬ 
tion  and  no  chalking  after  years  of  exposure.  Acceler¬ 
ated  natural  exposure,  Emmoquo'*  testina,  in  Arizona 
confirms  the  outstanding  performance  or  Lumiflon. 

Lumiflon  resins  ore  the  clear  choice  for  opplica- 
tions  where  periodic  recoating  is  undesirable  or 
impractical  and  where  long  term  retention  of  o  coot- 
ing's  original  appearance  is  important. 


6 


364 


■un^iHon  offer 


n‘ 


Lumiflon  coa'inqs  can  be  formuloted  with  a  60°  gloss  os  high  os  90%,  or  if  you  choose,  at  any  low  or 
medium  gloss  level.  No  other  fluoropolymer  offers  this  option. 

Now,  Lumiflon  brings  fluoropolymer  protection  to  the  automotive  ond  architectural  markets  where 
control  of  gloss  and  gloss  retention  are  essentiol- 


Ivmiffon  othn  tht  ehoiC9  of  tow,  modium,  ot  high  giou  cooh/igs  wifh  no  compromtM  in  porfomonco.  Shown  horo  is  o  high  glots.  door  coating  on  eifrudod  mofo/ 


CROSSLINKING  REACTIONS  OF 
LUMIFLON  POLYMERS 


Lumiflon  resins  give 
you  a  choice  of 
curing  conditions 


High  temperature  baking  or  ambient  temperature 
curing  makes  little  difference  in  the  performance  of 
Lumiflon  based  coatings,  but  mokes  a  big  difference 
in  your  application  options. 

Through  the  choice  of  either  isocyanate  or  mela* 
mine  hardeners,  Lumiflon  coatings  can  be  cured  in 
minutes  at  elevated  temperatures  or  cured  at  ambient 
temperature.  Ambient  temperature  curing  allows 
materials  to  be  touched  up  with  the  same  type  of  high 

Eerformonce  coating  that  was  applied  in  the  factory. 

0  every  part  con  now  have  the  same  quality  protec* 
tion  ana  finish,  including  those  ports  which  must  be 
fabricated  and  coated  m  the  field.  The  long  service 
life  of  Lumiflon  coatings,  plus  their  ability  to  be  site 
opplied  and  repaired,  can  make  long  term  cost  sav* 
ings  a  reality. 


/NA/viw 


M«lon>in« 


N(CH,OR), 


lumiho^ 


CURE  TIME  AT  VARIOUS  TEMPERATURES 


Curg  Ttmp«rofur« 


8 
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Qear  transparent  films  with  Lumiflon 

Clear  coolings  of  Lumiflon  resins  transmit  more  than  90%  of  visible  light  so  they  con  be  used  to  protect 
substrates  such  os  FRP,  plastic  film,  and  even  topcoats,  without  changing  color  or  clority  of  the  bose  moteriol. 
Lumiflon  302  goes  one  step  further  by  incorporating  o  UV  absorber  to  protect  the  substrate  itself  from  UV 
degradation. 


I 


ni«  ond  chnfy  of  Lufniflon  botod  eloor  cootingi  mako  thtm  idooUy  twted  for  profcttng  cffror  pfottic  films  or  colored  plostic  subsfrofes  Here  a  lumt^fon 

307  coohng  proi9Ct%  fha  film  from  UV dogrodatioo,  trontmit%  more  ibon  90%  of  vittb/e  light 


Dipole  Momefti  IDU)  Pe'ceoi  Trommidoixe 


LIGHTTRANSMITTANCE  OF  CLEAR  FILMS 

I  t'H . .  ■.  I  ....r, 


SOLUBILITY  IN  ORGANIC  SOLVENTS 


isumiflon  resins  are 
solvent  soluble 

Becouse  Lumiflon  resins  are  soluble  in  a  wide 
range  of  solvents,  they  offer  both  improved  applica¬ 
tion  properties  and  enhanced  finish  oppeoronce  when 
compared  to  other  fluoropolymer  systems. 

The  solubility  of  Lumiflon  allows  o  diversity  of 
application  methods  including  spray,  brush,  roll,  dip, 
and  coil  coating. 


I 

I 

1 


Ke'o.i«i 

12  "  •’ 

•  •  *10 


'’|8I7 


5 

AlcoboU 


Chlorides  «20 

AliphoiiC  AromotiC 

KydfOCarbor^S  ^21  hydrocarbons 

25  24  73  2? 


8  10  12 

Solubilify  Porome(«r  Value 


•  Soluble  ^  Ponty  soluble:  *  Insoluble: 


1  OMSO 

2  Ethylene  olycol 

3  Me^onol 

4  OmF 

5  Ethonol 

6  Isoproponol 

7  A'butonol 
6  I'butonol 
9  Acetone 

10  Cycloheionone 

11  mEK 

12  MiBK 

13  Ethyl  oceioie 

14  Butyl  ocetote 


1 5  Glycol  ether  ocetoie  EEA 
(Cellosolve  'j 

16  Glycol  ether  OE  (Corbitol  *) 

1 7  TetrohydrO^uron 

18  Givcoi  ether  E6  (Butyl 
Cellosolve) 

19.  1,1,1, trichloroethone 
20  Trichloroethylene 
21-  Xylene 

22  D-dtoione 

23  benzene 

24  Cydoheione 
25-  n  heione 


The  so/ubfhty  of  lumiAon  200  >n  xylene  it  comportd  with  o  commercio/  PVO^  resm 
The  excellent  sof^^t  so/ubility  of  Lumiflon  confnbutes  to  its  lupenot-  oeitheticj  ond 
eose  of  opf>hcot*on 


U 
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umiflon  coatings 
adhere  to  most 
substrates 

Lumiflon  coatings  con  b«  successfully  applied  to 
metals  such  as  mild,  galvanized  or  stainless  steel, 
aluminum  and  copper,  and  to  plastics  such  as  polyes¬ 
ter,  polyurethone,  nylon,  or  PVC.  Lumiflon  coatings  can 
even  be  used  to  coot  glass. 

Excellent  adhesion  properties  make  Lumiflon 
coalings  ideal  for  recoating  old,  weathered  surfaces. 


Suhilral* 

Sur^oc* 

1  %  Adbetion  Retention* 

1  lumiflon  Coating  | 

CoAveniionol 

AcnrI'C- 

uretnorte 

7^® 

l«xyonolo 

cured 

Melqmtne 

cured 

Xmind^ 

l4(rC 

1 

Golvonttod 

«i*ol 

Photpbonc 

ocid 

100 

50 

100 

Copp»r 

100 

100 

50 

Aluminum 

0*gr*o$*d 

10 

100 

Chromort* 

Pr*treotm*ni 

100 

100 

;oo 

0*pr«OMd 

50 

10 

10 

100 

v> 

50 

Ploot 

1  Degreased  I 

100 

10 

lOt 

100 

ino 

I'k) 

1 

(?.  ^  . 

■1 

f'  .  ■■  ■ 

■'!  .  •' : 

Acyi'C 

Deprcfisco 

Nylo"  6 

n 

ESBII 

1  ■  I 

1  ■ 

Polyp’ Ouyicnc* 

B8BHW 

1 

I'M 

*ASTm  03002  Top*  Adhotioft  by  Poroll*!  Cut  M«thod 


COMPATIBILITY  OF  PIGMENTS 
WITH  LUMIFLON  RESINS 


lumiflon  Ream 

flipmeni 

Noncorbotyloted 

inoostoo 

Corboiyloted 

lf400 

InOfMtc 

Ti^nium  dio»d* 

Rid  iron  Oaid* 

Olfler  metol  oxido  completet 
Carbon  block 

Good 

Good 

Good 

Good 

Poor 

Good 

Good 

Good 

Good 

Poor-Good* 

Onmic 

UuinopHbolon* 

Ouinocridone  red 
P^fflolocyon•no  green 
PftiflelocroniAe  blue 

Good 

Good 

Foir 

Poor 

Gooo 

Good 

Foil 

Foi/ 

*D*p«ndt  on  prod* 


PROPERTIES  OF  LUMIFLON  RESIN  SOLUTIONS 


inoo 

IfMO 

lf302 

;  *  1 1  •«  - 

Percent  Solidt  (wt  %) 

50 

60 

50 

Speoflc  Crovity 

100 

1  u 

'  00 

Denady  (lb*./oollon) 

900 

941 

900 

VlKMiiy  (cpt  ®  }S*Q 

5000 

4.000 

800 

SoFrent 

Xyien* 

Xylen# 

Xylene 

Appeoronce 

Cleor 

Cleor 

Cleor 

L  •  I- 

OH  Volwe  (mg  KOH/g)* 

26 

37 

24 

?  1 

OH  Iqvrvolortt  Weight* 

2.160 

1.800 

7.340 

‘ 

Acid  Vdu*  (mg  KOH/g}* 

0 

0 

0 

*At«ro0O  at  tvpphad  low*!* 
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Lumiflon  coatings  show  good  chemical 
resistance 


Lumiflon  coatings,  regardless  of  curing  conditions,  show  no  chonge  when  exposed  to  such  chemicals  as: 
•10%HjSO4 
•10%HCI 
•5%CH3C00H 
•10%NaOH 
•10%NH40H 
•acetone 
•benzene 
•ethvi  acetate 
•trichloroethane 

Lumiflon  resins  are  the  obvious  choice  for  the  protection  of  valuable  substrates  which  are  subject  to  harsh 
chemical  environments. 


e  Lumiflon  series 

Four  products  ore  available  to  meet  o  range  of  applications; 


Grod? 

Feoture 

Principol  Uses 

LFIOO 

High  viscosity 

(5<300cps*) 

Brush  and  roll 

applied 

codings 

LF200 

Low  viscosity 
(800  cps*) 

Spray  opplied 
coatings 

LF302 

Absorbs  UV  light 

Clear  coatings 
for  plostics 

LF  400  Improved  pigment 

compatibinty 

*50%  solution  in  xylene 

Dispersing 
organic  and 
carbon  black 
pigments 

Each  of  these  grades  is  crosslinkable  with  either  isocyanote  or  melomine  hordeners  ond  shows  cure 
roles  similar  to  ocrylic-urethane/acrylic-melomine  systems. 
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MISCELLANEOUS  PROPERTIESOF 
LUMIFLON  200  CLEAR  FJLMS 


Lumiflon  coating 
formulations 


colors 


Clear  and  pigmented  coatings  of  various  col 
con  be  formula^  with  Lumiflon  resins.  While  oil 
grades  may  be  used  to  formulate  coatings  containing 
almost  any  inorgonic  pigments,  best  results  with 
carbon  blacks  and  some  organic  pigments  are 
obtained  with  the  carboi^lated  Lr  400  grade.  In  addi¬ 
tion,  wetting  and  dispersing  agents  may  be  needed 
to  properly  rormulote  LumiTlon  coatings  with  these 
pigments. 


All  Lumiflon  coatings  are  produced  by  mixing  with 
a  crosslinker  capable  or  reacting  with  the  Hydroxyl 
groups  of  the  Lumiflon  resins.  Various  melamines  and 
isocyanates  can  be  used  for  this  purpose  as  long  os 
they  are  compatible  with  Lumiflon  resins  and  hove  suit¬ 
able  reactivities. 


It  is  advisoble  to  use  a  catalyst  to  accelerate  cure 
rates.  A  tin  catalyst  such  as  dibufyltin  dilaurote  is  sug¬ 
gested  for  isocyanate  cured  coatings  and  an  ocid 
catalyst  such  as  p-toluene  sulfonic  acid  for  melamine 
cured  coatings. 

Please  consult  the  coating  formulos  inside  the 
back  cover  for  specific  examples  and  recommen¬ 
dations. 


Aifiyinird 

itocyonoic 

Mr'IiHi-  itr 

Cut*  Co<^ittOA« 

7  doyi  R  T 

b  mtn  .'1  ?i0  C 

P^ytiCol  Pfoptlft 

Coniecl  Angle  ol  Woier  (degree) 

/H 

SioiK  FrichOfi 

04S 

0  33 

Water  Abwrplion  («l\| 

071 

0  7? 

Water  Fermeabiliiy 
(g/em’  •  lec  •  mm  Hg) 

6?  .  10  ' 

4  .1  K)  ‘ 

(cm’  *  MC  •  mm  Hg) 

09?  ■  10 

085  >0  ■ 

M*cHonicol  Prop«<ti«« 

Tensile  Strength  (kg/mm*) 

:8 

30 

UNimot*  (%) 

Strength  (kg/mm) 

5 

J 

1  8 

40 

Fl»iufOl  Foi«gu«  (iim«t) 

?00 

aO 

T>Mwmoi  PropmtiM 

Glow  TrontitiOA  T«mp.  (*C) 

35 

ii3 

Oecompoiihon  Temp  |*Q 
Oimemienol  Change  (\) 
oherSOOhrl&ljtK 

?u 

-I  7 

4  J 

aherTlhriS  KK 

00 

0  1 

OiKolonng  (Yellow  Indei  Chonge) 
olier500hr(»135’C 

80 

on 

after  1000  hr  9  in-C 

09 

00 

CI«ctncoi  Prep«fiiM 

Volum#  RMitliviiy  Ocftk 

1  4  .  lO" 

1  J  ‘C 

eon  Yoim  PflOTECTtON 

Th*  ntoimallon  and  raoonvTMndMions  in  itvs  puMcation  are.  to  ina 
bMt  ol  our  kniMitadg*.  rakabi*.  Suggasbons  made  concerning 
uaaa  or  applicattona  era  only  lha  opnon  ol  ICI  Amencas  inc  and 
uaara  iMid  maka  Om  own  taaia  to  determine  tne  suitability  ol 
•taaa  produca  lor  tbeir  owm  partcular  purposes  However, 
bacauaa  ol  mxnsraus  lectors  aflacting  results.  ICI  Americas  inc 
MAKES  NO  WARRANTY  OF  ANY  KIND.  EXPRESS  OR  IMPLIED. 
MCLUOINO  THOSE  OF  MERCHANTABILITY  AND  FFTNESS 
FOR  PURPOSE,  oeiar  tian  Oiat  the  maianal  eonlorms  to  its  appii- 
caMa  oaiani  Standard  SpacMcaSona.  Siaiamanis  haram.  ibare- 
<era,  mouta  rut  be  consmjad  as  raprasantaiioris  or  warranties  The 
laapOnatMyot  Cl  Amerteas  Inc.  tor  claims  arising  out  o<  preach  ol 
waiTsniy.  nagSganca.  sirtct  taoety.  or  otherwise  is  limiied  to  me 
putchasa  pnoa  ol  die  rnaianai 

Staismanis  conoemmg  me  use  ol  ma  products  or  lormuiations 
descnbed  herein  are  not  to  be  oonstnjed  as  recommending  the 
inMngemeni  ol  any  patent  and  no  UbiHy  lor  mWngemeni  ansing 
out  i/any  such  usa  is  assumed. 

Standan)  Spaclficslions.  altnough  currant  at  the  tune  ol  publication, 
are  subiec:  to  change  without  notice.  For  latest  Standard  Speciiica- 
Sons  oonlact  our  nearest  sales  oHice 


iCt  II  Ihe  eicluf ive  dulnbulor  ol  lumiflon  'aims  n  NonK 
Americo. 

Lumiflon  -s  o  registered  trodemork  ol  Aiohi  Gloii  Co  ,  I'd 
Luniifla'i  monufoctured  by  Aiphi  Clou  Co  ,  Lid 
Emmoquo  n  a  reoiilered  trodemork  of  Deitn  Sunshine  E>po. 
sure  Teili. 

Weofher-omatsr  ii  o  'ug-tlered  irodsmork  of  Ailoi  Electric 
Oevicvi  Co. 

Celloiofve  ond  Corbilol  ore  Irodemorki  of  Union  Corbide 
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Lumiflon  coating 
formulations 

Clear  and  pigmented  coatings  of  various  colors 
con  be  formulated  with  Lumiflon  resins.  While  all 
grades  may;  be  used  to  formulate  coating^s  containing 
almost  any  inorganic  pigments,  best  results  with 
carbon  blacks  and  some  organic  pigments  are 
obtained  with  the  carbo>^lated  Lr  400  grade.  In  addi¬ 
tion,  wettingond  dispersing  agents  may  be  needed 
to  properly  formulate  Lummon  coatings  with  these 
pigments. 

All  Lumiflon  coatings  are  produced  by  mixing  with 
a  crosslinker  copobie  or  reacting  with  the  hydroxyl 
groups  of  the  Lumiflon  resins.  Various  melamines  and 
isocyanates  can  be  used  for  this  purpose  as  long  os 
they  ore  compatible  with  Lumiflon  resins  and  have  suit¬ 
able  reactivities. 

It  is  advisable  to  use  a  catalyst  to  accelerate  cure 
rates.  A  tin  cotalyst  such  as  dibotyllin  diiaurote  is  sug¬ 
gested  for  isocyanate  cured  coatings  and  on  acid 
catalyst  such  os  p-toluene  sulfonic  acid  for  melamine 
cured  coatings. 

Please  consult  the  coating  formulas  inside  the 
bock  cover  for  specific  examples  and  recommen¬ 
dations. 


Hord«n«r 

Itocronoie 

Bufyloffd 

M^lomine 

Curt  Conditioftt 

7  doyt  R  T 

S  rfiito  t-i'  ?10  C 

Proptrtitt 

Conloci  Angle  of  Water  (oegreel 

Si 

•3 

SloM  Fncfion  Coellicieni 

045 

0  j3 

Waitf  Abterpiieo  vwi%) 

0  71 

0  2? 

Woltr  PtnoMbiiirf 

•  MC  •  tnm  Hg) 

62  ■  10  ‘ 

J  3  >0 

(cm*  •  MC  *  mm  Mg) 

J92  •  10 

o 

tn 

c 

Mechonicol  Frepertiei 

Ttntilt  S>Ttr»glh  (kg/mm*) 

28 

^0 

Ulhmott  CloAgotion  (%) 

5 

4 

Ttor  Strtngih  (kg/mm) 

1  8 

40 

Mtiurol  F^gut  (hmti) 

200 

6C 

Thennol  Fropeniet 

Gbu  TrontihoA  Ttmp  (*C) 

35 

Af 

Decompotihon  Temp 

21-1 

DtmtAitonol  O^ongt  (%) 
oHtf600Kr($1^ 

-  1  7 

4  3 

afltr24hr(^  -20*C 

00 

0  1 

OiKotortng  (Ytilow  Indtx  CKo«bg«) 
ofltrmKr9l3S*C 

80 

0  0 

oliw  1000 hr  9  litre 

09 

CO 

El«Ctncol  Frop«<1tM 

Vo<um«  .  flcm 

1  4  .  10'* 

'  3  10  ‘ 

FOR  YOim  PAOTCCnON 

Ttw  intomaBon  and  rsoofnmandatxms  in  ihis  publication  are.  lo  ine 
baal  ol  our  towniladga.  rakaUa.  SuQgaslions  rnada  concerning 
Me  or  appScallona  are  only  trie  opncn  o)  ICI  Americas  Inc.  and 
jMrt  eioiAd  make  Itieir  own  taaia  to  determine  the  suitability  oi 
:tieae  products  tor  their  omm  paitcuiar  purposes  However, 
bacauae  ol  itomaious  factors  attacting  results.  iCl  Amencas  Inc 
MAKES  MO  WARAANTY  OF  ANY  KIND.  EXPRESS  OR  IMPLIED 
INCLUDING  THOSE  OF  MERCHANTABILITY  AND  FITNESS 
FOR  PURPOSE.  oOier  than  that  the  material  conforms  to  its  appii- 
cabia  cunam  Slarxiaid  Specifications.  Staiemants  herein,  there- 
tors,  should  nol  baoorMuad  aa  rapreseniaiions  or  warranties  The 
lesponalblWy  ol  lO  Americas  Inc- tor  claims  ansing  out  of  breach  ol 
warranty,  nagigattoa.  saiei  babitty.  or  otttervwae  is  limited  to  the 
puTtoaaa  pita  ol  too  matarlal 

Statements  corxsammg  the  use  ol  the  products  or  lormulaiions 
descnbad  haran  aia  not  to  be  constniad  as  recommending  the 
santroemani  ol  any  patani  and  no  liability  tor  minngemeni  snsmg 
out  or  any  such  uaa  Is  assumed 

Stairdard  Spadflcabons.  although  currant  at  the  lime  ol  publication, 
aia  aubtaci  to  change  without  notice  For  latest  Standard  Speatca- 
Itono  contact  our  naaraat  sales  office. 


ICI  it  ihe  sxclutivs  diltributor  of  Lumiflon  retmt  m  North 
Americo. 

lumiflon  it  o  registered  irodi  srk  of  Asohi  Clots  Co  .  Lid. 
Lumiflon  monufoclured  by  Atohi  Glott  Co ,  lid 
Emmoquo  it  o  ragitlered  iradamork  of  Oesen  Sunthme  Eipo- 
sure  Tests 

Wsothar-omalsr  it  o  ragitlered  trodemork  ol  Allot  Eleclnc 
Devices  Co 

Cellotolve  ond  Corbilol  ore  Irodemorkt  ol  Union  Corbide 
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IQ  Specialty  Chemicals 

WMnglon,OI1MtT 


For  odditionol  informotior)  coll: 
Technical:  1  800  441  -7757,  exi.  8422 
MorkeUng:  1  800  441  -7757,  ext.  3831 
Outside  a.S.A.;  302-575-3831 


754-2  10/84  5M 
£  1986 ICI  Am«ficot  Inc. 
All  nghtf  reMrv«d 
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DEFT  INC  u«51  VON  KARMAN  AVENUE.  IRVINE.  CALIFORNIA  92714  /  'fi4)  474-0400 


SPECIFICATION  FOR  DEFT  44-BK-6 
WATER  REDUCIBLE  EPOXY  PRIMER 


Use : 


1.  Non-chronate  corrosion  and  chemical  resistant 
primer  for  ferrous  and  non-ferrous  metals. 

2.  Sanding  primer-surf acer  for  fiberglass. 


Description ;  A  water  reducible,  catalyzed  epoxy,  corrosion 

inhibiting  primer  to  meet  new  clean  air  Volatile 
Organic  Compounds  requirements. 


Performance : 


1.  Excellent  corrosion  resistance. 

2.  Excellent  adhesion  over  all  metal  and 
fiberglass  surfaces. 

3.  Excellent  chemical  and  solvent  resistance. 

4.  Excellent  primed  surface  for  polyurethane, 
thermosetting  acrylic  enamel,  and  acrylic 
enamels  (air  dry  and  bake). 

5.  No  flash  rusting  on  ferro'  3  retals. 

6.  No  foaming. 

7.  Low  overspray. 

8.  No  irritating  odor. 

9.  Freeze-thaw  stable. 


PHYSICAL  PROPERTIES  (typical); 

Component  I  -  Pigmented  Compound  (L-D4ri0) 


Weiglit  per  gallon 
Non-Volatile  by  Weight 
Fineness  of  Grind 
Storage  Stability 
Flash  Point 


13.2  lbs. 
74. n  * 

5.0 

1  year 
07  T  TCc: 


1 

1 


I 


I 

Cont 


U\<~  37,  (’ ( w  .  H/OJJ 
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SPECIFICATION  FOR  DEFT  44-BK-6 
(CONTINUCO) 


PHYSICAL  PROPERTIES  (typical): 

Component  II  -  Clear  Compound  (L-9467) 


Weight  per  Gallon 
Non-Volatile  by  Weight 
Storage  Stability 
Flash  Point 


O.?  lbs. 
82.0  % 

1  year 
87 *F  TCC 


Catalyzed  (Component  I  and  Component  II  Mixture) 


V/eight  per  Gallon 
Mon-Volatile  Content 
Non-Volatile  Content 


12.3  lbs. 

76 . 2^  by  weight 
60.0%  by  volume 


Catalyzed  and  Reduced  with  17  5%  VJater  for 
Application  (Typical T 


Weight  per  Gallon 
Non-Volatile  Content 
Non-Volatile  Content 
Theoretical  Coverage  at 
1  mil  dry  film 
Volatile  Organic  Compounds 
(VOC) 

Flash  Point 

Pot  Life  (under  constant 

agitation ) 


Catalyzation  Ratio  (Typical) 


Component  I 
3  volumes 


Component  II 
1  volume 


0.8  lbs. 

35.0%  by  weight 
21.8%  by  volume 
960  sq.  ft. /gal. 
kit 

349  g/1  (2.91  lbs./ 
gal . 

85*F  TCC 

6  hours  min.  0  73*F 
(starting  at  20 
seconds ) 


Water 


7  volumes 


v;c-37.  Rev.  8/80 
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OCf^T.  INC  .  W4SI  VON  KARMAN  AVENUE.  IRVINE.  CALIFORNIA  92714  /  (7I4|  474-0400 


MIXING  INSTRUCTIONS  FOR 
44-BK-6 


MIXING  RATIO  ~  3:1  SYSTEM 

Component  I  Component  II  Water 

3  volumes  1  volume  7  volumes  (approx) 


MIXING  COMPONENTS  I  4  II  BEFORE  WATER  ADDITION  (Catalyzation) 

1)  Add  all  of  Component  II  (Clear  Component)  to  the  short 
filled  can  containing  Component  I  (Pigmented  Component). 
Then  use  one  of  the  following  methods  for  catalisation: 

A.  PAINT  SHAKER  METHOD 

For  mixing  quart  or  gallon  kits,  use  a  standard 
gallon  capacity  paint  shaker  which  vibrates  at 
about  1300  cycles/mlnute.  Vibrate  on  the  shaker 
5  minutes  in  the  Inverted  position. 

OR 

B.  MECHANICAL  MIXING  METHOD 

For  mechanical  mixing  (when  paint  shaker  Is  not 
available)  an  air  motor  with  a  dispersion  type 
blade  attached  to  a  steel  rod  (see  recommended 
mixing  equipment)  may  be  used.  Mix  for  about 
5  minutes  or  until  mixture  Is  homogenous.  Be  sure 
to  scrape  the  sides  and  bottom  of  container  In  order 
to  Include  all  the  compound  In  the  mixture.  Proceed 
to  Step  A2. 


2)  WATER  REDUCTION  AND  MIXING  FOR  APPLICATION 


Transfer  catalyzed  primer  into  a  larger  mixing  container. 


KIT 

APPROX.  VOLUME 

RECOMMENDED 

SIZE 

NUMBER 

WATER  TOTAL  MATERIAL 

Container 
sm. — 

Ouart 

1 

1.75  qts  2.75 

qts 

1  gallon 

Gallon 

1 

1.75  gal  2.75 

gal. 

5  gallons 
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DEFT .  INC  .  174S1  VON  KARMAN  AVENUE.  IRVINE.  CALIFORNIA  92714  /  (714)  474-0400 


HIGH  SOLIDS  FLEXIBLE  PRIMERS 

02-Y-38  YELLOW.  TYPE  I 
02-GN-46  GREEN,  Wt^E  il 
LOW  VOC  -  340  GRAMS/LITTO 


PRODUCT  DESCRIPTION; 

02-y-38  AND  02-GN-66  ARE  TWO  COMPONENT  PRIMERS  HAVING 
A  LOW  VOC  OF  340  GRAMS/LITER.  THESE  PRIMERS  EXHIBIT 
A  HIGH  DEGREE  OF  ELONGATION  AS  WELL  AS  OTHER  HIGH 
PERFORMANCE  PROPERTIES. 


PRODUCT  CONSTANTS:  (CATALYZED 

VISCOSITY: 

VOC: 

COLOR : 


%  SOLIDS  BY  WEIGHT: 
POT  LIFE: 

PENCIL  HARDNESS 
( 7  DAYS ) : 

REVERSE  IMPACT: 
IMPACT  (60%  MIN. 

ELONGATION) : 
FLEXIBILITY 

(1/8"  MANDREL): 


TO  1  BY  VOLUME) 

30"  -  35"  #2  ZAHN 
LESS  THAN  340  GRAMS/LITER 
YELLOW  (STRONTIUM  CHROMATE), 
TYPE  I 

GREEN  (LOW  IR),  TYPE  II 
68.3% 

10  SECONDS  MAXIMUM  RISE  IN 
4  HOURS 

F 

160  IN-LBS. 

GREATER  THAN  60% 

PASS 


PERFORMANCE  PROPERTIES:  (TOPCOAT  COMPLIES  WITH  MIL-C-83206, 

COLOR  #17925) 


WET  ADHESION: 

24  HOURS  AT  ROOM  TEMP.: 
4  DAYS  AT  120*F.: 
HUMIDITY  (30  DAYS); 
ELONGATION: 

STRIPPABILITY: 

SALT  SPRAY  (1000  HOURS): 


PASS 

PASS 

PASS 

GREATER  THAN  100% 

PASS 

PASS 


CONT'D  .  .  . 
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PERFORMANCE  PROPERTIES  (CONTINUED); 


FILIFORM  (30  DAYS); 
MIL-L-23699,  24  HRS  @  250*F: 
MIL-H-83282,  24  HRS  %  150*F: 
MEK  RUBS  (100  DOUBLE  RUBS): 
FLEXIBILITY  (4  HRS  6  250*F) : 
IMPACT  (4  HRS  @  250*F): 

COLD  FLEX  (4  HRS  @  -60*F) ; 


POLYURETHANE.  BOTH  02-Y-38  AND  02-GN-66  MEETS  AND  EXCEEDS 
THE  PERFORMANCE  REQUIREMENTS  FOR  MIL-P-85853. 


PASS 

HB 

HB 

PASS 

1/8" 

MANDREL 

60% 

1/8" 

MANDREL 

85653 

ELASTOMERIC 

SURFACE  PREPARATION; 

ALUMINUM  SURFACES  TO  BE  COATED  SHOULD  BE  CONVERSION 
COATED  TO  FORM  A  SURFACE  COMPLYING  TO  MIL-C-5541. 


MIXING: 


MIX  ONE  VOLUME  OF  BASE  WITH  ONE  VOLUME  OF  CATALYST  AND 
MIX  THOROUGHLY. 

THINNING: 


THINNING  IS  NOT  ALLOWED  TO  ACHIEVE  THE  VOC  LIMIT  OF 
340  G/L. 

APPLICATION; 

APPLY  BY  SPRAY  USING  WET  COATS  TO  ACHIEVE  THE  REQUIRED 
FILM  THICKNESS.  A  MINIMUM  OF  ONE  MIL  DRY  IS  SUGGESTED. 


TOPCOAT ; 


THIS  PRODUCT  IS  DESIGNED  FOR  USE  AS  A  PRIMER  FOR 
TOPCOATS  MEETING  MIL-C-83286  OR  MIL-C-83285.  THE  PRIMER 
SHOULD  C”RE  A  MINIMUM  OF  10  V'^URS  PRIOR  TO  TOPCOAT 
APPLICATION.  PRIMER  THAT  HaS  CURED  MORE  THAN  24  HOURS 
SHOULr  BE  LIGHTLY  SANDED  r>v  OR  TO  TOPCOAT  APPLICATION. 
FORCE  CURE  OF  THE  PRIMER  FRiOR  TO  TOPCOAT  APPLICATION 
MAY  BE  UTILIZED.  ONE  HOUR  AT  140*F  IS  A  SUGGESTED  FORCE 
DRY  SCHEDULE. 


CLEAN  UP: 


USE  MIL-T-81772  TYPE  II  FOR  CLEANING  EQUIPMENT 
IMMEDIATELY  AFTER  USE. 


SAFETY: 


ALL  PERSONNEL  SHOULD  READ  AND  UNDERSTAND  ALL  LABELS  AND 
MATERIAL  SAFETY  DATA  SHEETS  PRIOR  TO  THE  USE  OF  ANY 
MATERIALS. 
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Specitity  Products  and  Sarvicas  Today  for  Tomorrow's  Naads 


Freeman  Chemical  Corporation 
217  Freeman  Drive 
P.  O.  Box  996 

Port  Washington,  Wl  53074^996 
(414)  284-S541  Telex:  2-6737 


June  22,  1989 


Me.  Martin  van  Buren 
Arthur  0.  Little 
Acorn  Park 
Cambridge,  MA  02140 

Dear  Nr.  van  Buren: 

You  will  find  enclosed  with  this  letter  one  each  of  your 
epoxy-graphite  and  aluminum  test  panels  coated  with  peroxide 
curable  coating  formulations  A804-62-E  (urethane  acrylate)  and 
A804-62-F  (epoxy  acrylate). 

The  coatings  are  intended  for  your  evaluation  as  a  primer  to 
protect  the  substrate  from  abrasion  by  plastic  shot. 

These  materials  were  applied  at  80%  solids  using  a  114  wire 
wound  rod  and  cured  for  one  hour  at  100‘C. 

Please  let  us  know  if  you  have  any  questions  or  comments. 

Sincerely, 

FREEMAN  CHEMICAL  CORPORATION 


Rudi  H.  Boeckeler 
Senior  Chemist 
Research  Department 

RHB/cd 

Enclosure 

165,200/55 
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■iSCTRO-O^TICAL  «  DATA  SVtTIMS  QROUr 


August  14,  1989 


Mr.  Jay  Cheney 
Arthur  D.  Little,  Inc. 
Acorn  Park 

Cambridge,  Massachusetts 
02140-2390 


Dear  Jay, 

Enclosed  are  three  composite  and  two  alumlr.um  panels  coated 
with  HRG-3/A3  and  three  aluminum  panels  coated  with  HPG-3/A2  for 
testing  on  your  Air  Force  contract. 

If  you  need  any  further  Information,  please  call  me  at 
(213)607-7166, 


Sincerely, 


Senior  Staff  Engineer 
Adhesives  &  Coatings  Section 
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HIGH  TEMPERATURE  RESIST  ANT 
COMPLIANT  MODIFIED  EPOXIES 

S.L.  Oldham  and  W.E.  Ellas 
Hughes  Aircraft  Company 
El  Segundo,  CA  90245 


ABSTRACT 

Epoxy  resins  are  widely  used  as  adhesives,  encapsulants, 
and  coatings  for  a  broad  range  of  electrical  and  structural 
applications.  In  particular,  these  resins  are  useful  since  they 
provide  mechanical  protection,  thermal  subility,  good 
substrate  adhesion,  and  moisture  resistance.  However,  a 
problem  conunon  to  the  myriad  of  epoxy  systems  is  the 
development  of  thermomechanical  stresses  and  strains  when 
the  encapsulated  devices,  bonded  assemblies,  or  coated 
substrates  are  heated  or  cooled.  Moreover,  for  space 
applications,  the  resin  must  be  able  to  withstand  large 
extremes  in  thermal  exposure  with  Hale  or  no  outgassing. 
In  addition,  the  ease  of  repairability  is  important  for  purposes 
ranging  from  the  replacement  of  critical  components  and 
hardware  to  cosmetic  patching.  A  need  exists  for  the 
production  of  space*grade  rruterials  with  increased  ductility 
and  reduced  sensitivity  to  thermal  excursions. 

At  Hughes  Aircraft  Company,  a  family  of  compliant 
modified  epoxies  were  synthesized  for  use  as  adhesives, 
coatings,  and  encapsulants.  The  base  resins  exhibited  low 
viscosities,  glass  transition  temperatures  a,.J  outgassing 
characteristics  with  high  peel  strengths  and  decomposition 
temperatures.  Baseline  material  dau  indicates  that  HRG-3. 
one  of  these  modified  resins,  is  a  viable  solvent>free 
toughened  epoxy  system  where  thermal  subility, 
repairability,  abrasion  and  moisture  resistance,  and  low 
outgassing  are  important. 

INTRODUCTION 

Performance,  weight,  and  environmental  impact 
requirements  for  nuny  future  DOO  and  NASA  programs 
dicute  the  extensive  use  of  advanced  materials  that  have 
capabilities  exceeding  those  that  are  currently  available  to 
designers  of  structural,  and  electronic  hardware.  Epoxy 
resins  are  commonly  uKd  as  adhesives,  encapsulanu,  and 
coatings  due  to  their  processibility,  versatility,  and  favorable 
use  history.  In  particular,  epoxies  are  heavily  utilized  when 
good  mechanical  protection,  thermal  subility,  substrate 
adhesion,  and  moisture  resisunce  are  needed.  However,  a 
common  problem  with  these  systems  is  that  the  combination 
of  good  repairability,  broad  temperature  capability,  and 
thermal  cycling  and  humidity  resisunce  with  low  viscosity 
and  outgassing  characteristics  is  generally  not  found  in  a 
single  sysum.  High  glass  transition  temperature  (Tg)  epoxy 
resins  are  usually  brittle,  viscous,  difficult  to  repair,  and 
sensitive  to  thetmal  cycling  conditions.  Flexibilized  epoxies 
generally  possess  high  viscosities  with  poor  humidity. 


elevated  umperaiurt;,  aitd  outgassing  cSiaracteristics.  These 
limitations  become  pardcularty  critical  for  applications  where 
large  extremes  in  tempenture  can  induce  thermomechanical 
stresses  aiKl  stiains  in  encapsulated  devices,  bonded 
assemblies,  and  coated  substrates.  In  addition,  under  the 
conditioiu  found  in  space,  volatile  resin  components  can 
outgas  and  condense  on  sensitive  optical  devices,  potentially 
blinding  and  shortening  the  operational  lifetimes  of 
commercial  and  miliury  satellites.  Moreover,  abrasion  and 
plasma  resistant  materi^s  arc  needed,  respectively,  for  ease 
of  satellite  assembly  fabrication  and  low  earth  orbit  (LEO) 
particulate  bomoardment.  Repairability  of  any  resin  system 
destined  for  air,  space,  or  ground  use  is  highly  desirable  since 
it  allows  the  replacement  of  critical  components  and  hardware 
as  well  as  the  cosmetic  patching  of  noncritica!  areas.  In  terms 
of  environmenul  impact,  the  ability  to  apply  a  given  resin 
system  in  its  undiluted  form  becomes  increasingly  important 
as  the  restrictions  on  the  use  of  the  type  of  solvents  become 
more  severe. 

Because  of  the  problems  associated  with  sundard  epoxies 
in  meeting  the  increased  demands  of  new  strucniral.  and 
electronic  systems,  a  need  exists  for  the  production  of  space - 
grade  materials  with  increased  ductility  and  reduced 
sensitivity  to  thermal  excursions. 

Resin  Studies 

Investigations  at  Hughes  Aircraft  led  to  the  synthesis  and 
deveiv  ment  of  a  family  of  ductile  modified  epoxies  as  base 
resins  for  the  formulations  of  adhesive,  encapsulants.  and 
coatings.  All  of  these  HRG  series  resins  exhibited  low 
viscosities  (230-528  centipose)  low  Tg's  (0-42  *(^.  and  high 
decomposition  temperatures  (3 10 *C  S  Td  ^  340*C).  Two 
of  th^  resins,  designated  as  HRG-I  and  HRG-3. 
demonstrated  good  ductility  and  ASTM  E595  outgassing 
characteristics.  The  high  purity,  shotur  chain  length  HRG-I 
exhibited  T-peel  strengths  of  1 .8-3.4  kilogram  per  centimeter 
width  (10-19  pounds  per  inch  width),  with  a  total  mass  loss 
(TML)  value  of  0.64%,  a  collectable  volatile  condensable 
material  (CVCM)  value  of  0.03%,  and  a  water  vapor 
recovery  (WVR)  value  of  0.09%.  The  lower  purity,  longer 
chain  length  HRG-3  exhibited  slighdy  lower  T-peel  strengths 
and  higher,  but  still  accepuble.  outgassing  values  (Table  I). 

Due  to  Tg  considerations,  the  majority  of  the  resin 
development  was  performed  using  the  HRG-3  system.  It  can 
be  seen  from  the  data  listed  in  Table  I  that  this  material 
exhibits  high  elongation,  broad  temperature  capability,  low 
tensile  and  lapshear  strengths,  and  gtKxl  electrical  and 
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moisture  absorption  characterstics.  In  addition,  current 
coating  studies  have  shown  that  the  HRG-3  system  can  be 
easily  applied  in  its  neat  form,  eliminating  the  need  for 
solvent  dilution.  This  offers  significant  advantages  with 
respect  to  environmental  impact,  as  the  Southern  California 
Air  Quality  Management  District  (SCAQMD)  restrictions 
on  solvent  usage  (Rules  1 124  and  442)  become  increasingly 
more  severe.  The  development  of  ductile,  repairable,  space- 
grade.  SCAQMD  compliant  resin  systems  is  critic^  for 
future  conformance  to  environmental  and  technological 
requirements. 


TABLE  1 

1  PROPERTIES  OF  HRG-3  CURED  RESIN 

Property 

Valut 

Uncured  resin  viscosity  at 

328 

room  temperature,  cps 

Glass  transition  temperature,  *C 

4  •  10 

Decomposition  temperature.  ^ 

310 

Outgassing: 

Tbtal  mass  loss.  % 

a98 

Collectable  volatile  condensible 

008 

materials,  % 

Water  vapor  recovery.  % 

ail 

Specific  gravity 

1.11 

T-peel  strength,  kg  per  cm  width 

1.7 

(1b  per  in  width) 

(9.4) 

Elongation,  % 

83 

Tensile  strength,  MPa  (psi) 

2.3  (330) 

Lapshear  strength,  MPa  (psi) 

2.7  (400) 

Dielectric  constant  at  1  kHz 

3.43 

Volume  Resistivity.  0-cm 

4.4  X  W* 

Dielectric  strength,  volts/mm 

4.06  X  10’ 

(volts/mil) 

(103  X  K)’) 

Moisture  Absorption,  24  hour 

1.34 

Water  boil.  % 

APPLICATIONS 

A  recent  study  was  performed  using  HRG-3,  in  an 
unopiimized  form,  cs  an  abrasion  resistant  coating  for 
composites.  A  coating  thickness  ofO.0127  mm  (O.OOS  inch) 
was  applied  to  half  of  the  surface  of  a  twelve  ply 
epoxy/graphiie  composite.  After  full  cure,  the  entire  panel 
surface  was  coated  to  a  dry  film  thickness  of  0.0132-0.0229 
mm  (0.006-0.009  inches)  with  epoxy-polyamide  primer 
conforming  to  MIL-P-233T7.  The  pHined  composite  was  then 
cured  and  topcoaied  to  a  dry  film  thickness  of  0.0432 -0.0S84 
mm  (0.0017-0.0023  inches)  with  MIL-C-83286B 
polyurethane  paint. 

'Hius.  the  protected  half  of  the  panel  comprised  an 
epoxy/graphite  composite  laminate,  an  interlayer  of  HRC-3. 
a  primer  layer,  and  a  polyurethane  paint  layer.  The 
unprotected  half  of  the  panel  comprised  an  epoxy /graphite 
composite  laminate,  a  primer  layer,  and  a  polyurethane  paint 
layer. 


The  panel  was  then  subjected  to  plastic  bead  blast,  using 
abrasive  blasting  machines  equipp^  with  Polyextra  20/30 
Type  AGO  plastic  bead  m^ia.  manufactured  by  (J.S. 
Plastics  and  Chemical  Co.  The  blast  nozzle  pressure  was  lO.S 
megapascals  (70  psi).  The  pellet  blasts  were  directed  at  the 
center  of  the  panel  to  simultaneously  remove  the  paint  on 
the  unprotected  half  of  the  panel  and  on  the  half  of  the  panel 
protected  with  HRG-3  as  an  interlayer. 

It  was  found  that  the  HRG-3  interlayer  was  still  intact  after 
complete  paint  and  primer  removal  of  a  38. 1  nun  ( 1 .30  in.) 
long  area,  while  extensive  damage  (removal  of  3-12  plies 
of  the  composite)  to  the  unprotected  side  resulted.  In  par¬ 
ticular,  a  hole  of  approximately  39  mm>  (0.09  in>)  through 
the  composite  was  made  by  the  pellet  blasting  within  a  42.8 
mm  (1.69)  long  area  (Figure  1).  When  the  pellet  blasting 
was  repeated  for  a  sufficient  time  to  damage  the  HRG-3  inter¬ 
layer  in  a  fresh  area  of  the  composite,  the  bulk  of  the  37.4 
mm  (1.47  in.)  long  area  still  had  intact  its  HRG-3  coating. 
A  depression  of  approximately  87  nun>  (0. 14  in’)  was  found 
at  the  center  of  the  panel,  where  2-3  plies  of  composite  had 
been  removed.  On  the  unprotected  side,  extensive  damage 
(removal  of  3  to  12  plies  of  composite)  resulted.  In  particular, 
a  hole  of  approximately  263  min’  (0.41  in’)  through  the 
composite  was  made  by  the  pellet  blast  (Fig.  2). 

This  testing  illustrates  the  excellent  abrasion  damage 
resistance  of  HRG-3  coatings.  It  is  expected  that  the  other 
HRG  series  resins  will  also  exhibit  this  behavior. 
Investigations  into  simulated  LEO  paniculate  bombardment 
protection  by  r''-G-3  coatings  are  currently  underway.  The 
develpment  of  optimized  HRG  coatings,  adhesives,  and 
encapsulants  is  seen  as  an  area  requiring  ^ture  investigation. 

SUMMARY 


A  family  of  modified  epoxy  resins  possessing  low 
viscosity.  Tg  and  outgassing  values  with  high  peel  strength 
and  TD  were  synthesized  for  use  as  adhesives,  coatings,  and 


Figure  1:  Abrasion  Testing  of  HRG-3  buerlaver  C/»»nn/.v.»« 
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Figure  2:  Abrasion  Testing  of  HRC-3  Interlayer  Composite 


encapsulants.  One  of  these  materials,  HRG-3,  exhibited  high 
elongation,  broad  temperature  capability,  low  tensile  and 
lapshear  strengths,  and  good  electrical,  and  moisture 
absorption  characteristics.  Coating  studies  with  this  resin 
system  have  demoastrated  that  it  can  be  applied  in  its  neat 
form,  offering  significant  environmental  impact  advanuges. 
Even  in  its  unoptimized  form,  it  possessed  excellent  abrasion 
resistance  as  a  composite  interlayer  coating.  The  development 
of  HRG-3  into  optimized  coatings,  adhesives,  and 
encapsulants  is  an  area  for  future  study  to  fulfill  the  need 
for  repairable,  ductile,  space-grade  SCAQMD  compliant 
resin  systems. 
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FIBER-RESIN  CORR 


neen-AcsiN  corp. 

P.O.  Son  4117 

17D  W.  ProvMtncia  Av« 

Sufbtnk.  CA  91803 

t-9«M94.94S7 

TMtt:  (lU)  leS-tlTO 


PIBERRESIN  COMP 
23300  Matvina 
Wanan.  Ml  40090 
1-90O-34e-9979 
M  Ml  1<90»«S2-7734 
Tawaii:  (313)  777-3490 


DgaCRlPTlOM: 


FB-7020  A/B  is  a  two  coaponent  apoxy  systaa  that  offars  low  tan- 
paratura  cura«  high  tasparatura  strangth  and  axcallant  rasistance 
tc  hot  watar  inarsion.  Thasa  factors  lad  to  tha  salaction  of 
FB-7020  A/B  as  a  systaa  for  graphita  coaposita  rapair  on  coBUBar* 
cial  and  nilitary  aircraft. 

FR-7020  A/B  laainr  '  ra  sat  to  handla  within  6  hours  at  rooa 
taaparatura,  or  ona  ur  at  150  F.  without  post  cura,  it  can  pro¬ 
vide  good  strangth  to  300  F.  Excellent  property  retention  in  160 
F.  watar  ie  developed  with  ISO  P.  cure. 

Mtt  BATIQ: 


Mix  58  parts  by  weight  of  PR-7020-B  hardener «  with  100  parts  by 
weight  of  FR-7020-A. 

ggELIfg: 

The  pot  life  of  FR-7020  A/B  is  40-50  ainutas,  par  150  graa  aass. 
OBfc  ,«CLB: 

FR-7020  A/B  was  designed  as  a  rooa  taaparatura  curing  epoxy  to 
develop  300  F.  strength,  with  short  tera  aging.  Cure  can  be 
greatly  accelerated  with  aoderate  heat,  ax  with  heat  laaps  or  a 
field  rapair  heat  source  such  as  the  ATACS  Hot  Bonder*.  Data 
below  was  based  on  tiae  §  75  -  79  F.  to  reach  the  coapressive 
strength  of  41,000  PSI. 


Hard  to  the  touch. 

28,000  PSI  Coapressive  Strength 
39,000  PSI  Coapressive  Strength 
41,000  PSI  Coapressive  Strangth 

HQSX: 


6  hours 
24  hours 
72  hours 
120  hours 


FR-7020  A/B  achieves  41,000  PSI  coapressive  after  a  3  hour  cure 
at  150  P.  Allow  rooa  taaparatura  gel  before  applying  heat. 

*  ATACS  PRODUCTS,  INC.  P.O.  Box  88237  Tukwila  Br.  Seattle,  WA. 
98188.  Telex  Nuabar;  329570 


FR-7020  is  also  available  in  grey. 
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FIBER-RESIN  CORR 


FR-7020 


TYPICAL  PHYSICAL  raOPEBTlMi 
Color 

Specific  Gravity,  gas/cc 
Viscosity,  CPS 
Part  A 
Part  B 
Nixed 

Tensile  Lap  Shear  Strength,  PSI 
AL/AL  FPL  etch,  7  day  cure 
e  R.  T. 

€  300  F. 


Black  or  Gray 
1.1 

25,000 

3,200 

20,000 


2,400 

600 


NOTE:  300  F.  properties  can  be  iaproved  with  priner. 

TYPICAL  LAMINATE  PROPERTIES: 


20  PLIES  THORNEL  300.  3K  24  X  23  PLAIN  WEAVE.  .009  INCHES  PERPLY 
VACUUM  BAGGED  AMD  CURED  2  HOURS  B  130  F.  2  HOURS  #  250  F. 


Coapressive  Strength,  PSI 

47,315 

Coapressive  Modulus,  PSI 

1 

6.1  X  10 

Flexural  Strength,  PSI 

113,473 

Flexural  Modulus,  PSI 

1 

3.2  X  10 

Tensile  Strength,  PSI 
§  R.  T. 

41,240 

e  300  F, 

20,570 

Tensile  Modulus  8  R.T.,  PSI 

1 

7.8  X  10 

Short  Beam  Shear  Strength,  PSI 

12,624 

Interlaminar  Shear  Strength,  PSI 

4,960 

fiXQBAfiE: 

FR-7020-A  should  be  refrigerated  for  long  tern  stability.  Stor¬ 
age  life  is  3  Bonths  at  rooB  teaperature  or  12  aonths  at  40  F. 
hardener  FR-7020-B  is  stable  for  one  year  at  rona  teaperature. 
Material  should  not  be  used  if  part  A  is  waxy  and  does  not  return 
to  a  syrup  like  consistency  with  aild  heat,  (120  F.). 


aATCn-AMP  HAMDLXMg: 

As  with  all  resin  systeas,  liquid  and  vapor  aay  cause  irritation 
to  soae  people.  Avoid  contact  with  skin  and  use  adequate*  venti¬ 
lation.  Wash  skin  with  soap  and  water.  Flush  eyes  with  water 
copiously  and  get  aedical  attention.  6/89 
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No  technical  literature  available. 


<rLt.8.  Oovarnmant  Priming  Offlo«:1M2 — 648-127/632M 
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